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ABSTRACT

The theory, detailed outline of operating and

algorithm procedures of a continuous time-invariant,

linear control state variable systems design and

analysis computer program is presented. The program,

SVS, which is based on Melsa's LINCON, was modified to

demonstrate Controllability, Observability, Bode Plot,

Root locus plot, Nyquist plot, pole placement,

Luenberger observer design, optimal control design,

time response plot and some basic matrix manipulations.

Worked examples with the program output are included.

Some options give only numeric data output; others give

both numeric data and high-resolution graphs. The

software, which is fully interactive, menu driven and

user friendly is written in Turbo Pascal to be run on

the IBM-PC microcomputers. All options are presented

via option menus and the user will be prompted for all

input parameters.
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I. LINEAR CONTROL STATE VARIABLE SYSTEMS

(SVS)

A. INTRODUCTION TO THE SVS

SVS is software for the IBM-PC microcomputer in
the analysis and design of continuous time, linear

control systems. These programs are based on the matrix
mathematics of state variables and were first developed

by Melsa [Ref. 1] and adapted for batch use at NPS by

Desjardins [Ref. 2].
The original intent of this thesis was simply to

take Desjardins' adapted version of Melsa's LINCON and
modify it for the Turbo Pascal computer language. The

features of this thesis are:

- User-friendly as possible

- Menu-driven program. <Q>quit key always returns to

the SVS main menu.

The hierarchical menu structure is three levels

deep at any point. So the user, before selecting
his/her option, can get help at every menu.

SVS was tested with several examples and is now

available to any user on the Naval PostGraduate School

control laboratory PC's under the SVS directory name.

B. SYSTEM REQUIREMENTS

SVS is a large program and requires at least 512KB

of Memory to run. The program will run on any IBM-PC or

compatible "MS-DOS" computer and requires a standard

IBM color Graphics Adapter (CGA) or IBM Enhanced
Graphics Adapter (EGA) card. It will run on either
monochrome or color monitor, but all menus are

supported by color, for that reason they are easier to

work with a color monitor if available. The graphics in

the program are in high resolution (640 X 200) mode.

They only appear in the white-on-black. The graphics

8
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or

can be dumped to an EPSON, IBM-Graphics, or compatible

printer by using the Shift + PrtSc key.

The program is written in the Turbo Pascal

Language. Turbo Pascal has a 64K data segment and code

sizes limitation. Under this restriction, SVS is

compiled as five executable programs and nineteen

"Chain" files. The main program name is SVS in the disk

files. It has extension .COM. The chain files have

extension .CHN and they are not themselves executable.

C. FILES ON THE DISK

A complete list of the files and a brief

description of these are below.

(1) SVS.COM ( The executable main menu module )

(2) INPUT.COM ( The input/change menu module )
(3) MATRIX.COM ( The matrix mathematics menu module)

(4) PLOT.COM ( The graphics menu module )

(5) CHANGE.CHN ( Allows user to change input data

( values)

(6) POLYNOM.CHN ( Calculates characteristic

( polynomial of A matrix )
(7) CONTROL.CHN ( Calculates controllability of the

( system )

(8)DETERMIN.CHN ( Calculates determinant of the A

( matrix )
(9) EIGEN.CHN ( Shows eigenvalues of the A matrix )

(10)BODE.CHN ( Gives Bode plot of the system }
(11)TIMEPLOT.CHN( Gives time response of the system)

(12)OBSER.CHN ( Calculates observability of the

(system)

(13)LUENBERG.CHN( Design Luenberger observer to

( achieve a closed-loop poles of the

( system )
(14)OPTIMAL.CHN ( Optimal control design program }

9
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(15)POLE.COM ( To calculate feedback coefficients

( to achieve a desired closed-loop

( poles )

(16)SAVE.CHN ( Saves data to desired drive }
(17)RETRIEVE.CHN ( Gets data from desired drive }
(18)INVERSE.CHN ( To calculate inverse of the A

( matrix )

(19)INPUTDAT.CHN ( To permit user to enter the input

( data for whole system )

(20)HELP1.CHN ( Help program for SVS main menu

(options)

(21)HELP2.CHN ( Help information for the

( input/change menu options }
(22)HELP3.CHN ( Help information for the matrix

( mathematics menu option )

(23)HELP4.CHN ( Help information for graphics menu

(option )

(24)NYQUIST.CHN ( to calculate Nyquist (polar) plot

( of the system )

(25)RLOCI.CHN { Root locus plotting procedure)

(26)ROOTS.CHN Shows plant char acteristic
equation roots I

In addition to these files, there are three

"system" files that are needed to run the program.

Th3se are 4X6.FON, 8X8.FON and ERROR.MSG files.

D. STARTING TO THE SVS

This software package has two diskettes. The first

step is to get the SVS main menu on your screen. All

you have to do is follow these steps:

1. Turn on the power ( or, if it's already on, the

user reboots the computer ).

J.10



2. Wait for the operating system prompt. It will

look like one of the following:

C:

C>
c\>-

C:\_

C:\>_
<C\>-

(or some other letter).

The prompt may look somewhat different, depending

on the computer and how it has been set up.

3. Type MD SVS and press <ENTER> key. This opens a

new directory.

4. Type CD\SVS and press <EWIER> key. This enters

the new directory.

5. Insert disk #1 into disk driver A:

Type Copy A:*.* and press <ENTER> key.

6. Repeat step 5 for disk #2.

7. Type SVS and press <ENTER> key.

Now the user is in the SVS main menu and ready to

work. Make a choice for further step.

I,.
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II. INPUT/CHANGE MENU

A. INTRODUCTION TO THE INPUT/CHANGE MENU

The first step, of course, is to enter the A, B and

C matrices into the computer as a common input. This

is the starting point of the program. For our case,

the general state variable equations are represented by

the following equations.k :" xlt + B ult -1 "
where A, B, C are given matrices and D is assumed to

have a zero elements for this progrm.

SVS MAIN MENU "

(I) Input/Change Plant Matrices Menu

(G) Graphics Menu

(C) Controllability

(0) Observability

(L) Luenberger Observer Design

(D) Design of Optimal Control

(P) Pole Placement

(M) Matrix Mathematics Menu

(H) Help

(Q) Quit the Program

Make Your Selection_

Naval Postgraduate School Ismail UNLU

Figure 2.1 The SVS main menu.

12
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From the opening menu of SVS, shown in Figure 2.1,

we choose the "Input/Change Plant Matrices Menu"

option to bring us to the Input/Change menu shown in

Figure 2.2.

NN* INPUT / CHANGE MENU '",

(I) Input Plant Matrices

(C) Change Current Plant Matrices

(S) Save Plant Matrices to Disk File

(L) Load Plant Matrices From Disk File

(H) Help
(Q) Quit to SVS Main Menu

Make Your Selection

Figure 2.2 The input/change menu. t

This input/change menu allows the user to enter

common inputs to all programs. These common inputs are

the plant or A matrix, the input or B matrix and the

output or C matrix. The only restriction is the

dimensions of the matrix. It must be no greater than

10. This means that the maximum matrix size has to be

1OX10. However, due to a user decision, a dimension

size not to exceed 6 is required. The reasoning behind

this was due, in part, to the printer. Since the

output format to the printer is El1, this naturally

limits us to 6 numbers per line. 12 format places are

13



normally considered necessary for good accuracy. For

systems with order greater than 6, every row of the

matrix is continued on the second line. After

attempting this, it was decided the results were

difficult to read. Otherwise it is appropriate up to a

1 0 th order system.

I B. INPUT PLANT MATRICES

This option is used to initially enter the A, B and

C matrices of the state variable equations (2-1) and
(2-2). For this option, select the "Input plant

matrices" from the input/change menu. The screen will

prompt the degree of the plant, which is the dimension

of the A matrix. The maximum acceptable degree is 10.

Then it asks for elements of the A matrix and so forth.

Matrices are entered one element at a time

beginning with 1,1 and continuing across the row of the

matrix. The next row is then entered, and the process

7. continues until all elements have been entered. After

the matrix is entered, the complete matrix is

automatically brought to the screen for review and

possible element changes. If a change to the matrix is

desired the user simply enters the row and column

number to change after every prompt. Then the program

asks for corresponding matrix elements to change.

After being prompted, the change is entered. A review

of the matrix is again brought to the screen. The user

is again prompted for any more possible changes. This

procedure continues until all changes have been done.

The same A matrix procedures are repeated for the B and I
C matrices. This input data can be used for the

options without saving to disk file until quitting the

program.

14



C. CHANGE CURRENT PLANT MATRICES

This option allows the user to change input data A,

B and C matrices quickly and easily. The user can

change the order and elements of the matrices that were

previously entered. This powerful combination

facilitates both input correction and changes,

especially for higher order matrices during the design

process. First Figure 2.3 appears on the screen. The

user can choose one matrix at a time for correction.

Then the program gives the order and elements of the

selected matrix. In the beginning the user can enter a

** Change Current Plant Matrices Procedure '*

Which matrix do you want to change ? PLANT (A) A_ 

INPUT (B)

OUTPUT (C)

Press <ESC> to change it!,

Then input your choice with <ENTER> key C

Figure 2.3 Change current plant matrices selection.

correction to the order of the matrix. Then, under the

new dimension, can make corrections on elements of the

matrix. The program shows the corrected results on the

screen. At the end of the program, the user

automatically returns to the input/change menu. If the

user wants to change more than one matrix, he/she must

15



choose the "Change Current Plant Matrices" option two

or more times. A basic example for this option is

illustrated in Figure 2.4.

D. SAVE CURRENT MATRICES TO DISK FILE

This procedure is used to store plant matrices to

the hard disk or floppy disk file. First it prompts

drive C as a saving drive. Then asks the user for the

drive designator (A through E), and filename for the

problem to be saved. Eight characters of a MS-DOS

*filename are allowed; the program gives a filename

extension of ".SVS" to each data. This extension is

used to limit the disk search for appropriate fiies. A

drive and filename are supplied by the program, which

opens the file and stores the data. The procedure

stores the data as a text file. A text file consists

of ASCII characters, and is usually designed to hold

readable information [Ref. 3].

E. LOAD PLANT MATRICES FROM DISK FILE

The procedure first asks the data drive where the
problems are stored. After this is done, the program

calls another procedure called "Directory" [Ref. 4].

This procedure uses MS-DOS function, calls and shows

all available data files on the screen. The user can

choose one of the files by moving arrow keys with

<RETURN> key. Then the program opens the file and

reads it.

The directory displays only the disk files with the

extension ".SVS". This eliminates the possibility to

I"

f read other files.

16



The A matrix is

0.OOOOE+00 1.0000E+00 0.0000E+00 0.0000E+00
0.0000E+00 0.0000E+00 1 .0000E+00 0.OOOOE+00
0.0000E+00 0.OOOOE+00 0.0000E+00 1 .0000E+00
0.OOOOE+00 -1.5000E+01 -2.3000E+01 -9.OOOOE+00

The order of the system is:4, Change ? (YIN)

The order of the system is:3

The A Matrix is

0.OOOGE+00 1.OOOOE+00 0.OOOOE+00
0.0000E+00 0.0000E+00 1 .OOOOE+00
0.0000E+00 0.OOOOE+00 0.OOOOE+00

Do you want to change any element ? (YIN)

Input row to change : 1

Input column to change : 1

A(1,1)= 10

The A Matrix is I

1 .0000E+01 1 .OOOOE+00 0.OOOOE+00 ap
0.0000E+00 0.OOOOE+00 1.0000E+00
0.OOOOE+00 0.OOOOE+00 0.0000E+00

Do you want to change any element ? (Y/N)

Figure 2.4 Change current plant matrices example.

,2,.



III. GRAPHICS MENU

A. INTRODUCTION TO THE GRAPHICS MENU

From the opening menu of SVS, shown in Figure 2.1,

we choose the " Graphics Menu " option to bring us the

Graphics menu shown in Figure 3.1. The Graphics menu

contains five basic options. These are the time

response plot, Nyquist plot, Root locus plot,

characteristic equation roots and Bode plot. This menu

is also supported with the "Load plant matrices from

disk file" option. This selection allows the user to

get data from the disk file quickly instead of going

via the SVS main menu route.

i'

*NN GRAPHICS MENU *

(L) Load Plant Matrices From disk File

(C) Characteristic Equation Roots

(B) Bode Plot

(N) Nyquist Plot

(T) Time Response Plot

(R) Root Locus Plot

(H) Help

(Q) Quit to SVS Main Menu

Make Your Selection

Figure 3.1 The graphics menu.

B. BODE PLOT

Bode plot analysis can be accomplished with the ?i
Graphics menu by selecting the <B> Bode plot option.
This selection brings Figure 3.2 to the screen. There

18
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are two selections for the frequency plot: the

open-loop Bode plot and closed-loop Bode plot. Input

data for this option is entered with the Input/change

plant matrices menu selection which is explained in

Chapter II. If the user wants the closed-loop Bode

plot, the program automatically calculates for the

negative unity-feedback condition.

W** Bode Plotting Parameters MM"

Open (0) or Closed (C) Loop Plot? 0

W at is the first freauency tQ be plotted? .1
Example: .01, 1, 10, etc.

How many decades do you want plotted? 4

Figure 3.2 Bode plot parameters selection.

The user also must enter the starting frequency and

number of decades for the plotting. The upper

frequency limit is calculated based on the number of 4,

decades. That is, if user selects .1 as the starting

frequency with 4 decades, then the upper frequency will

be 1000 rad/sec.

Bode plot displays two plots at the same time.

These are plots of magnitude and phase versus radian

frequency. Magnitude is converted to the decibels unit

using the relation

MagnitudedB = 20 log 10 (magnitude)

19
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and phase is converted to degrees using the relation

Phasedegree = (180/W) Phase

Magnitude calculations for the single pole or zero can

be written as

Magnitude = [Realpart 2 + (w-Imaginarypart)2 ]1/2

and the phase calculation is

Phase = Tan-1 [(w-Imaginarypart)/Realpart].

For the whole system, the magnitude and phase are

calculated for each pole or zero. Then the final

magnitude is

Magnitudesystem = Magnitudezeros/Magnitudepoles

and the phase is

Phasesystem = Phasezeros - Phasepoles

The plots of the magnitude and phase are shown on the

same graph. Coordinate values of OdB magnitude and

-1800 phase coincide in the graph. We know from

control theory that phase margin is read at the zero

'4 crossover of the magnitude curve and the gain margin is

read at the -1800 crossover of the phase curve. These

two values can be read directly from the graph. The

-' Bode routine calculates the numbers required for the

plots. The procedure "plot-Bode" converts the number

to a graphical display. Within the Bode-plot routine

is a call to the procedure "graph-menu". Graph-menu is

called by all procedures which produce a graph. it

provides a small menu offering the user the choice to
add a title to the graph, print the graph on the

20 '
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printer, print the number or quit and return to the

menu.

If the user selects the title to graph and it is

completed, the plot is displayed with the title on the

screen. The title block can be moved by using the

cursor arrow keys and relocated anywhere on the screen.

When the title box is moved where the user wants, the

<enter> key must be pressed. Then the screen is frozen

in position and the graph menu is recalled on the

screen.

The print numbers selection saves the current

graphic screen and permits the user to print the

numbers used to draw the graph. The numbers may be

printed on the printer (this will use a lot of paper)

or to a disk file. If the disk option is selected, the

user can scan that file with a word processor or by

using the DOS "type" command and examine the points of

interest. This option is illustrated on example 3.1.

EXAMPLE 3.1

The example can be stated as follows: Given plant

.transfer function

21000 0.02 S + 1)1(s + 1) .1 s + 1) (.01 s + 1)2 (31)

was rearranged as a state variable equations.

0 1 0 0 o
(t)= 0 x(t) + u(t)0 0 0 10

100000 -112000 -12210 -211

10000000 200000 0 x(

y(t) = Et)

21
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a) Obtain the Bode diagram of the above system.
b) Mark the following on the Bode diagr.m, recording

UP the numerical values.

1) Gain crossover frequency

2) Phase margin

3) Phase crossover frequency

4) Gain margin

5) Resonant frequency.

Solution:

Given data entered to the program by the selecting
of the "Input Plant Matrices" option in the
input/Change menu. Then the program outputs can be
seen from the Figure 3.3 and Figure 3.4.
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Figure 3.4 Closed ioop Bode plot for example 3.1.

C. TIME RESPONSE PLOT

*It is desirable to see the system's response in the

time-domain to a typical input. Time response can be

calculated and plotted with the SVS program as can the

system input sinusoid, ramp, step or impulse. All

these inputs have user selectable amplitudes. Figure

3.5 shows the time response parameter screen.
The time response algorithm first converts the A, B

* and C matrices to the open loop transfer function, then
into a discrete-time, state-space equivalent. The

theory of the time response plot is not included here.

Users who want more information about the subject

should consult reference 4, or any other relevantI

EXAMPLE 3.2

For the given system in example 3.1, obtain the

time response plot and mark the following on the time

response plot, recording the numerical values.
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1) Settling time

2) Maximum overshoot for a step input.

Solution:

The program data has already entered for the Bode

plot. The selecting "Time response Plot" in the

graphics menu gives figure 3.6 as a problem solution.

"""Time Response Plotting Parameters -

What is your input to the system? STEP (S) S

RAMP (R)

SINE WAVE (W)
IMPULSE (I)

What is your input amplitude? 1

Input one of these choices, Open (0) or Closed (C) C

Input your simulation time to the system (99max) 1.4

Figure 3.5 Time response parameters screen.

D. NYQUIST PLOT

This section presents the Nyquist plot option.

This selection gives open loop and unity-feedback

closed loop Nyquist plot. The program first calculates

open loop transfer function of the plant. Then the

plot is obtained by calculating the magnitudes and

phases angle of the transfer function for a specified

24
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mtsr cun= tz.

It

±Sec

Figure 3.6 Time response plot for example 3.2.

5'2

5'0

.11

number of times with a specified increment of w.

Before proceeding to the Nyquist plot, the program

prompts the menu of Figure 3.7. This parameters screen

allows the user to enter additional data for the

plotting. The graphic window size is given 100X100

scale if the user selects the big picture option. The

select own size option asks the user to enter starting
frequency, number of decades and X ,Y coordinates

maximum and minimum values for the plot. After getting

the plot, the procedures are the same as with the Bode

plot option. fhese are make a title to the graph,

printer output and listing numbers (which are used to

generate a graph) either to the printer or a specified

file with a given drive name.
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Nyquist Plotting Parameters

Open (0) or (C) Closed loop plot? 0

Graph window (B) or (S) Select your own size? S

In ut your first frequency to e plotted? .1
Example: .01, 1, 100, etc.

Input number of decades do you want plotted? 4

X-Maximum 100

X-Minimum -100

Y-Maximum 100

Y-Minimum -100

Any changes to these parameters? ( Y / N ) N

Press <F1> to change previous entry

Figure 3.7 Parameters selection for the Nyquist plot.

EXAMPLE 3.3

Figure 3.8 shows the Nyquist plot for the example

3.1 A, B and C matrices.

.11

Kill

$

7N TES1S EMUPLE
. .... ".... ...

t-$

ol

I I I I 1 I !
5--a -; -i -z, a z gO 1

Figure 3.8 Example of the Nyquist plot.
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E. ROOT LOCUS PLOT

This option plots the loci of the closed loop poles

of a system with transfer function G(s) = K N(s)/D(s)
for varying gain. N(s) and D(s) are polynomials of the

plant and the program calculates from the given A, B 

and C matrices.

The user is prompted to enter the starting and

ending gain values, maximum and minimum X,Y coordinate

values and to select either positive or negative

feedback. These plotting parameters are shown on

Figure 3.9. After this input routine, the program

assumes unity feedback and calculates root locations

for varying gain and plots them.

" Root Locus Plotting Parameters ""

Input STARTING value for the varying gain 0

Input ENDING value for the varying gain 10

X-Minimum -100
X-Maximum 100

Y-Minimum -100

Y-Maximum 100

Positive or Negative feedback? ( P / N ) N

Any changes to these parameters? N

Figure 3.9 Parameters screen for the root locus.

EXAMPLE 3.4

Figure 3.10 shows the Root locus plot for the given

data on the example 3.1.
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Figure 310 Example for the root locus plot. 7.

0 -%

F. CRARCTERISTIC EQUATION ROOTS 
"

This option of the graphics menu allows 
the user to -

decide whether the system is stable or unstable by

looking at the root location of the characteristic "

equation. The program gives again the unity-feedback '

closed loop characteristic equation roots 
of the plant. "

The illustrative program output of the 
example 3.1 can

be seen in Figure 311."

G. LOAD PLANT MATRICES FROM DISK FILE

This last option of the graphics menu allows the

user to get saved data from disk file directly instead

of going via to the main menu and 'input/change 
menu.

28
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*WM Plant Characteristic Equation Roots .

ROOTS OF THE NUMERATOR

s[i1= -50.00 +j 0.000

ROOTS OF THE DENOMINATOR

s[1= -132.032 +j 0.000 s[2]= -69.170 +j 0.000

s[31= -4.899 +j -32.893 s[4]= -4.899 +j 32.899

Figure 3.11 Example of characteristic equation

roots.
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IV. SVS MAIN MENU

A. INTRODUCTION TO THE SVS MAIN MENU

In this chapter six options are presented which may

be used for the analysis and design of control systems.

These options are supported by the other options which

are explained in Chapter II and III.

The observability option is used to determine the

observability index of the system. Another very

similar program, controllability is used to determine

the controllability of the system. The matrix
mathematics option brings to the screen another menu
selections. This program calculates an A matrix

determinant, inverse, characteristic polynomial and

eigenvalues. The last three options may be used to

design optimal linear control systems. The pole

placement option is useful in the design of linear

control state variable feedback control systems. In

the pole placement case, the control is computed by
multiplying by a gain [K], the difference between the

reference input and a weighted (linear) sum of the

state variables. The Luenberger observer design is

used to design a combined observer-controller to

achieve a given desired closed loop transfer function

Design of optimal control will minimize a given

cost function which produces a scalar control. The

program starts to work at the terminal time and works

backwards in time.

B. CONTROLLABILITY

This option is used to determine the

controllability of the linear time-invariant system.

Consider the following continuous-time system
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x(t) = A x(t) + B u(t) (4-1)

where

x = state vector

A = plant matrix

B = input matrix

u = control input

The system described by the above equation is said

to be state controllable at a given initial time if it

is possible to construct an unconstrained control

signal which will transfer an initial state to any

final state in a finite time interval [Ref. 5].

This requires an algebraic condition such that the

rank r(C) of the controllability condition matrix

C = [B:AB: .... :An-lB] (4-2)

is n, the order of the system.

EXAMPLE 4.1

Consider the matrices A and B,

I0

A 1Z -1] B t0

Determine if [A, B] is a controllable pair.

Solution: Since A is 3x3 and B is 3x2, matrix C has to

be 3x6. The program checked the rank of the

controllability condition matrix. The result of the

31
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program can be seen in Figure 4.1, the system is

controllable.

CONTROLLABILITY RESULT

The Plant matrix A is :

0.00000E+00 1.00000E+00 -1.0000E+00
1.00000E+00 0.00000E+00 1.00000E+00
0.00000E+00 1.00000E+00 -1.0000E+00

The input Matrix B is :

1.00000E+00 0.00000E+00
0.00000E+00 1.00000E+00
0. 0000E+00 0.00000E+00

The system is controllable.

Figure 4.1 Controllability program output.

C. OBSERVABILITY

In this section we determine observability index of

the linear systems. Consider the unforced system

- described by the following equations:

The (unforced) time invariant system

= x (4-3)
with the observation vector

y = Cx (4-4)

The observability index, which is defined as the rank

r(O) of the observability condition matrix

CA

0 .(4-5)L An-1

is n, the order of the system.
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The program output for this selection is

illustrated in Figure 4.2 with the A matrix as given on

example 4.1 and the following C matrix.

C = 1 0 0] (4-6)

OBSERVABILITY RESULT

The Plant matrix A is

0.00000E+00 1.00000E+00 -1.0000E+00
1.00000E+00 0.00000E+00 1.00000E+00
0.00000E+00 1.00000E+00 -1.0000E+00

The Output Matrix C is

1.OOOOOE+00 0.0 000E+00 0.OOOOOE+00

The system is observable with index 3.

Figure 4.2 Observability program output.

D. POLE PLACEMENT

Any single-input single-output linear, time

invariant system is described by the following

equations:

x(t) = A x(t) + B u(t) (4-7)

y(t) = C x(t) (4-8)

The plant is characterized as a block diagram in

Figure 4.3.
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-> B >0-> I > C

Figure 4.3 Block diagram for the state variable

representation.

The closed loop nature of the system of Figure 4.4

is showed by the presence of the controller. It

generates the control signal u from the knowledge of

the state variables. So, we can see that, except for .5

the reference input [r], the state of the plant x is

the only information needed by the controller. The

7-PLANT 1
In It > 1 "

>' >- 0-> C > '

+ :

A

r I> CONTROLLER<

Figure 4.4 General closed loop system with state

variable feedback.
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control input is computed by the multiplying by a gain

K the difference between the reference input and a

weighted (linear) sum of the state variables. As a

mathematical expression,

u= K [ r - ( klxj + k 2 x2 + .... + knxn )] (4-9)

where the ki's are referred to as feedback

coefficients. The gain K is referred to as the

controller gain. The equation (4-9) may be simplified

by making it in the matrix notation

u= K [ r - k T x] (4-10)

After all this notation, the graphical representation

of the system configuration is shown in Figure 4.5.

7 PLANT 7
u+ 1A y> B + - -- I - C

+ S

, I.

u=K[r-kTx] I A <

x

i r > < kT
+

L CONTROLLER

Figure 4.5 Linear state variable feedback system.
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We could obtain the closed loop transfer function

Y(s)/R(s) from the state variables. Our approach is to

force the system into the configuration shown in Figure

4.6. b

r +>O- > K u > Gp( s) )

kT x(s)

Heq(S)

Figure 4.6 Closed loop block diagram representation.
p

We can see that Heq(s) is given by

kT x(s)
Heq(S) y (4-11)

y(s)

Since y(s)= C x(s), this expression becomes

kT x(s)
Heq( ) C x(s) (4-12)

Here it must be pointed out that the program

calculates the gain K, so zero steady state error

results from a step input. If the user wants other

conditions, he may rescale K and kT appropriately by

hand. For example, assume he wants to desire to have

the controller gain, K=K I , but the program output shows

that K=K 0 with the feedback coefficients kj, k2 , k3.

The procedure is then to modify the program outputs by

setting K=Kj and setting

36
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N

k T = K0 k I k 2 k 3 ](4-13)

K1I

This procedure does not change Y(s)/R(s) and satisfies

the condition K=K 1 . Under these notations and block

diagrams, this option gives an open loop transfer

function Y(s)/U(s) for the plant, the feedback transfer

function Heq(s), the controller gain [K] and the

feedback coefficients [kT ] to achieve the desired
closed loop characteristic polynomial.

The desired closed loop characteristic polynomial

is the denominator of Y(s)/R(s) and must agree with the

order of the plant. The user can enter this polynomial

either in coefficient form or factored form. If the

user wants to enter the coefficient form, the
coefficient of the highest degree term must be unity.

The methodology for computing the result is: the

coefficients of the denominator polynomial of

Y(S)/R(s), which is the polynomial desired by the user,

may be adjusted at will by proper selection of k and K.

The closed loop zeros are equal to the open loop zeros.

In other words, linear state variable feedback has no

effect on the zeros of Y(s)/R(s). The program

calculates the numerator of Heq(s) to achieve the
desired characteristic polynomial. Note that the

complete Heq(s) is calculated by taking the numerator

of Heq(s) and dividing it by the numerator of

Y(s)/U(s). In the program procedures, the coefficients

of the characteristic polynomial are computed by the

use of the Principle-Minor method. For the matrix

inverse calculation, the program uses the

diagonalization procedures.

EXAMPLE 4.1

The plant matrices of a third order system are

given in the following state variable representation:
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-'-1 .0 1 .0 0.0 0

X(t) = 0.0 0.0 1. x(t) + u(t) (4-14)

0.0 -3.0 0.0 B

y(t) = [ 1.0 1.0 0.0 ] x(t) (4-15)

Find the feedforward (controller) gain [K] and the

feedback coefficients [kT] required to achieve a closed

loop transfer function of

Y(s) 2 (s + 2)
R(s) s3 + 4s2 + 6s + 4

The program result for this example is presented in

Figure 4.7.

POLE PLACEMENT RESULT

The Plant matrix A is :
-1.0000E+00 1.00000E+00 0.00000E+00

0.00000E+00 0.00000E+00 1.00000E+00

0.00000E+00 -3.0000E+00 0.00000E+00

The Input matrix B is

0.00000E+00

0.00000E+00

1.00000E+00

The Output Matrix C is I
1.00000E+00 1.00000E+00 0.00000E+00

Denominator of Y(s)/U(s) - Descending powers of S

1.0000 1.0000 3.0000 3.0000

Figure 4.7 Program output for the pole placement.
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The poles of the Y(s)/U(s) are:

REAL PART IMAGINARY PART

-1.0000 +j 0.000 "b

0.0000 +j -1.7321

0.0000 +J 1.7321

Numerator of Y(s)/U(s) - Descending powers of S :

1.0000 2.0000

The zeros of the Y(s)/U(s) are:

REAL PART IMAGINARY PART

-2.0000 +j 0.0000

Desired closed-loop Characteristic polynomial - _

Descending powers of S :

1.0000 4.0000 6.0000 4.0000

The roots of desired closed-loop characteristic .

polynomial are:

REAL PART IMAGINARY PART

-2.0000 +j 0.0000

-1.0000 +j -1 .0000 4

-1 .0000 +j 1.0000

Numerator of the Heq(s) is - Descending powers of S

1.5000 1.5000 0.5000

The roots of the Heq(s) are

REAL PART IMAGINARY PART

-0.5000 +J -0.2887

-0.5000 +J 0.2887

The feedback coefficients [kT] are : ,1

0.5000 0.0000 1.5000

The gain [K] is : 2.0000

Figure 4.7 Program output for the pole placement

(continued)

The results shown in Figure 4.7 specify that the

gain of the controller [K] is 2.0 and the feedback

coefficients are ki=0.5, k 2 =0.0 and k3 =1.5.
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E. LUENBERGER OBSERVER DESIGN

Consider a linear time invariant plant of the form

x(t) = A x(t) + B u(t) (4-17)

y(t) = C x(t) (4-18)

Let a feedback control law for equations (4-17) and

(4-18) will be

u(t) = K [ r(t) - kT x(t)] (4-19)

PLANT

-> CONTROLLER > - A x + B uy=C x

w

w = qT y + hT z

Figure 4.8 Luenberger observer block diagram.

pa

Assume without loss of generality that the plant is

controllable and observable. Since the state of

equation (4-17) is not directly available to implement

equation (4-19), an observer of the form

z(t)= F z(t) + G, y(t) + G2 u(t) (4-20)

and replacing the true states with estimates yields

u(t)= K [ r(t) - kT z(t)] (4-21)
kTz(t)= hT z(t) + qT y(t) (4-22)

will be designed. The resulting closed loop system is

shown in Figure 4.8.
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Where

x = state vector

u = control input

y = output

r = system forcing input

z = estimated state vector

A = plant matrix

B = input matrix

F = observer eigenvalues matrix

GI and G2 = observer gain matrices

K = controller gain

qT = output feedback coefficients matrix

hT = observer feedback coefficients matrix

* Luenberger Observer Design Parameters *

Input degree of observer (10 max) 2

Input the desired feedback coefficients in

Factored <F> Form C

or Coefficient <C> Form

Input observer characteristic polynomial in

Factored <F> Form C

or Coefficient <C> Form

N

Press <ESC> to change it!,

Then type your input with <ENTER> key

Figure 4.9 Luenberger observer design parameters.

The user has to enter the controller gain and the

feedback coefficients which can be found by the use of
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"pole placement" option. The program asks the observer

eigenvalues which are represented by the F matrix in

the program. The observer degree depends on the
observability index. For example, if the observability V

index r is the minimum integer, then the observer gain

matrix [G] has order r. Simply the order of the

observer, when the program prompted can be entered, As

equal to or greater than (r-1). These input parameters

are shown in Figure 4.9.

EXAMPLE 4.2

The example presented here for the fourth degree

plait is taken from Desjardin's [Ref. 2]. The plant is

represented by the following equations.

y(t) = [ 10 20 0 0 ] x(t) (4-23)

0 1 0 0 0

0 0 1 001
x(t) = 0 0 x(t) + u(t) (4-24)

0 -15 -23 -9

Solution:

Step1

The x1 and x2 are the only measurable states and we

want to achieve following closed loop transfer

function.

Y(s) 1

R(s) s4 + 6s 3 + 17s 2 + 28s +20 (4-25)
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The controller gain [K] and the feedback

coefficients required are found, as can be seen from

Figure 4.10 by the use of the "Pole placement" option

in the same menu. Results shown in Figure 4.10

indicates that the feedback coefficients [kT] are -3,

-6, 13, 20 and the controller gain [K] equals unity.
#o

POLE PLACEMENT RESULT

The Plant matrix A is

0.00000E+00 1.OOOOOE+00 0.OOOOOE+00 0.00000E+00
0.00000E+00 0.OOOOOE+00 1.OOOOOE+00 0.OOOOOE+00
0.00000E+00 0.00000E+00 0.00000E+00 1.OOOOOE+00 4

0.00000E+00 -1.5000E+01 -2.3000E+01 -9.0000E+00

The Input matrix B is

0.00000E+00
0.00000E+00
0.00000E+00
1 .00000E+00

The Output Matrix C is

2.00000E+01 1.00000E+01 0.00000E+00 0.OOOOOE+00 L

Denominator of Y(s)/U(s) - Descending powers of S

1.0000 9.0000 23.0000 15.0000 0.0000

Numerator of Y(s)/U(s) - Descending powers of S

20.0000

Desired closed-loop Characteristic polynomial -

Descending powers of S

1.0000 6.0000 17.0000 28.0000 20.0000

Numerator of the Heq(s) is - Descending powers of S

-3.0000 -6.0000 13.0000 20.0000

The feedback coefficients [ k ] are

20.0000 13.0000 -6.0000 -3.0000

The gain [K ] is 1.0000

Figure 4.10 Pole placement result for the L'enberger

observer design.
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Step2

The observability i4ndex is determined using the

"Observability" option in the same menu. That results

is shown in Figure 4.11.

OBSERVABILITY RESULT

The Plant matrix A is:

0.00000E+00 1 .00000E+00 0.00000Ei00 0.00000E+00
0.00000Es00 0.00000E+00 1 .00000E+00 0.00000E+00
0.00000E+00 0.00000E+00 0.00000E+00 1 .00000E+00
O.0 000E+00 -1 .5000E+i01 -2.3000E+01 -9.0000E+00

The Output Matrix C is

1 .00000E+00 0.00000E+00 0.00000E+00 0.00000E+00
* .00000E+00 1 .00000E+00 0.00000E+00 0.00000E+00

The system (A,C) is observable with index 3.

Figure 4.11 Observability result for Luenberger.

Step 3

As can be seen from Figure 4.12, the system is

completely controllable.

CONTROLLABILITY RESULT

The Plant matrix A is

0.00000E+00 1 .00000E+00 0.00000E400 0.00000E+00
0.00000E+00 0.00000E+00 1 .00000E+00 0.00000E+00
G.00000E+00 0.00000E+00 O.OOOOOE+00 1 .O0000E+00
0.00000E+00 -1 .5000E+01 -2.3000E+01 -9.O000E+00

The input Matrix B is

0. 00000E+00I
0. 00000E+00
0. 0000 E+t00
1 .00000E+00

The system (A,B) is controllable.

Figure 4.12 Controllability output for Luenberger.
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Step4

An observability index r=3 (result taken from

observability output) allows us to design an observer

of order equal to or greater than (r-1)=2. For this

LUENBERGER OBSERVER RESULT

The plant matrix A is

0.00000E+00 1.00000E+00 0.00000E+00 0.00000E+00
0.00000E+00 0.00000E+00 1.00000E+00 0.00000E+00
0.00000E+00 0.00000E+00 0.00000E+00 1.00000E+00
0.OOOOOE+00 -1.5000E+01 -2.3000E+01 -9.OOOOE+00

The input matrix B is

0.00000E+00
0.00000E+00
0.00000E+00
1.00000E+00

The output Matrix C is: *

1.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00
0.00000E+00 1.00000E+00 0.00000E+00 0.00000E+00

The desired feedback coefficients are

2.00000E+01
1.30000E+01-6.0000E+00
-3.0000E+00

The Observer characteristic polynomial coefficients
in ascending powers of S

1.40000E+01 7.50000E+00 1.00000E+00

The F Matrix is

-7.5000E+00 1.00000E+00
-1.4000E+01 0.00000E+00

The GI Matrix is

8.55000E+01 2.92500E+01
0.00000E+00 0.00000E+00 '-

The G2 Matrix is

-3.0000E+00
-1.5000E+00

The output feedback coefficients are

2.00000E+01 8.50000E+00

The compensator feedback coefficients are:

1.00000E+00 0.00000E+00
*1

Figure 4.13 The Luenberger observer design output.
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example, we want to design observer eigenvalues of

-3.5 and -4.0.

Step5

The program results for all this input data is

shown in Figure 4.13. From results, the complete

system can be described as:

0.0 0.0 0.0 0.0 x 2 (t) K
0.0 1.0 0.0 x 2 (t)x(t)= o o o o o ox ( )  + u(t)
1. .0 0.0 107 1~x(t)1 Ju00.0 -15. -23. -9. x 4 (t)1 L

z(t)=L1 -14. 0.0 z4(t ) 0 0 x
147.5 10 Lz3 1 + 185.5 29.21 [( tZ

u(t) 
-"

u(t) = 1.0 r(t) 20.0 8.5] 
"

- [1.0 .0] "Z3t3]

.2

F. DESIGN OF OPTIMAL CONTROL

The system considered is described by the following

state variable equation:

x(t) = A x(t) + B u(t) (4-26)

where

x = state vector

u = control input

A = plant matrix
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B = input matrix

The design of optimal control will minimize the

follovLng cost function:

N-i

J(N) = 1/2[ XT(N) Q X(N) + T[X(k) Q X(k) + R U2 (k)]
k=0 (4-27)

where the following are defined

Q = noise covariance matrix

N = time intervals over which the SUM is made

R = scalar random input

and XT means transpose of X.

The physical interpretation of J(N) is this: we

wish to keep the state near zero without excessive

control energy expenditure. The input parameters of the

design of optimal control are entered in the beginning

of the program. This screen can be seen in Figure

4.14. After entering these parameters and the Q

matrix, then the program calculates the feedback gain

matrix which, when multiplied by the state vector,

yields a scalar control. In the program procedures,

the following equations were derived using dynamic

programming, starting at the terminal time and working

backwards.

P(k)=PSIT(k) * P(k-1) PSI(k) + Q + GT(k) *

R * G(k), P(0)=0 (4-28)

PSI(k)=FI + GAMMA * GT(k), PSI(0) = 0 (4-29)

GT(k)=-[GAMMAT * P(k-1) * FI]/[GAMMAT * P(k-1) *

GAMMA + R], GT(0)=0 (4-30)
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" Design of optimal control procedure

Input number of time intervals for SUM procedure? 40

What is your sample interval? 0.1

What is the value of scalar R? 2.0

For the following options which cost function

do you want? 0

COST=terminal+fuel+trajectory or

COST=terminal+trajectory <0>

COST=terminal+fuel or COST=terminal <1>

where

terminal= 1/2 XT(N) Q X(N)
N-I

trajectory= 1/21_X(k) Q X(k)
k=0
N-I

fuel = 1/2 -ZR U 2 (k)
k=0

Press <ESC> to change it!,

Then type your input with <ENTER> key

Figure 4.14 Optimal control parameters screen.

For simplicity in programming, the following

definitions are defined:

Terminal= 1/2 XT(N) * Q * X(N) (4-31)
N-I

Trajectory= 1/2 =-X(k) * Q * X(k) (4-32)

k=0

N-I

Fuel = 1/2 R * U2 (k) (4-33)

k=0
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EXAMPLE 4.3

Given the system equation and parameters described

below find the discrete steady state gains for a sample

interval 0.1, scalar R is 1.0 and number of time

intervals is 40.

;t 5 u(t) (4-34)

10 1t)=E; [

The graphic result of the program is shown in

Figure 4.15 and Figure 4.16, the numerical output is in

the Figure 4.17.

-I

-5D

.7D
-SO

ii TI Di r[tIJALS~2 25 30

Figure 4.15 Optimal control graphic output #1.

G. MATRIX MATHEMATICS MENU

This option is used to get various calculations

with the plant matrix A of a given linear control state

variable system. The selection from the SVS main menu
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brings the matrix mathematics menu. This second menu
consist of' following options:

(1) The determinant of' A matrix
(2) The inverse of' A matrix

(3) The characteristic polynomial of' A matrix

(4) The Eigenvalues of' A matrix

Before selecting this option, the user must select

"Input/Change Plant Matrices" option to enter the
plant matrices.

ID

40-

-7D

14I TMI TrEhALF 2 25 30

Figure 4.16 Optimal control graphic output #2.
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OPTIMAL CONTROL RESULT ld1

The order of the system is :2
The number of time intervals is :1.0E-01
The scalar R is :1.0000
The sample interval is 40

The A matrix is:

0.00000E+00 1 .00000E+00
5.OOO00E+00 0.00000E+00

The B matrix is:

0. 00000E+00
1 .00000E+00

The Q matrix is:

1 .00000E+00 0.00000E+00
0.00000E+00 2.00000E+00

The FI matrix is:

1 .02510E+00 1 .00835E-01
5.04177E-01 1.02510E+00

The GAMMA matrix is:

5. 02087E-03
1 .00835E-01

MINIMIZATION OVER ALL STAGES

(stages) GT:2 GT:2

1 -1.047E-01 -2.031E-01
2 -3.243E-01 -4.211E-01
3 -6.722E-01 -6.665E-01
4 -1.164E+00 -9.435E-01
5 -1 .809E+00 -1 .2 5E+00
6 -2.597E+00 -1.640E+00
7 -3.494E+00 -2.031E+00
8 -4.437E+00 -2.424E+00
9 -5.355E+00 -2.794E+00

10 -6.185E+00 -3.120E4-00
11 -6.888E+00 -3 .390E+00
12 -7.452E+00 -3 .6 3E+00
13 -7:886E+00 -3:765E+s00
14 -8.210E+00 3.883E+00
15 -8.447E+00 -3.969E+00
16 -8.617E+00 -4.030E+00
17 -8.738E+00 -4.0 03E+00
18 -8.824E+00 -4.104E+00

19 -8.884.E+00 -4.125E+00
20 -8.927E+00 -4.14.0E+00I
21 -8.957E+00 -4.150E+00
22 -8.978E+00 -4.157E+00
23 -8.993E+00 -4.163E+00
24 -9.004E+00 -4.166E+00
25 -9.011E+00 -4.169E+00
26 -9.016E+00 -4.170E+00
27 -9.020E+00 -4.172E+00
28 -9.023E+i00 -4.173E+00
29 -9.025E+00 -4.173E+00I

Figure 4.17 Optimal control numerical output.
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V. CONCLUSION AND RECOMMENDATIONS

The software, SVS, is written as a teaching
learning tool for student use. It can be a nice tool
for analysis and design of linear control state
variable systems. The program is fully interactive and
menu driven. The user does not get lost in the
program. The <Q> key always returns to the main menu
or CTRL + C key interrupts the program. All options
were tested solving several example problems.
Hopefully, all "bugs" have been eliminated.

Furthermore, the program can still be easily

improved and expanded. These are listed below.
(1) Adding the ability to handle the KALMAN

filtering.

(2) Add the capability of the program to handle

discrete time systems.
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APPENDIX A

UTILITI FILES

A set of Turbo Pascal input and menuing utilities

was used widely in the program. These are public domain

utilities and was copied from the LCS-CAD source

diskettes. These utilities, called TURBO-UT.PAS were

written by:

Donald R. Ramsey "4

Larry Romero

727 Bunker Hill #70
Houston, Texas 77029

and distributed through the public domain. The

describing documentation are presented on reference 4.
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APPENDIX B

PROGRAM LISTING

Appendix B is a listing files of the Turbo Pascal

source code. These files make up the major modules of

the SVS program. In general, most of the driver

programs and including files are listed in the

following pages. The source modules from the Borland

International Turbo Graphix Toolbox and the
input/output utility routines are not listed.
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FILE: SVS.PAS Program Listing Page 1

Program State Variable Ssem(inut,outu);

* The following include files contain procedures*e to handle graphics call from the main procedures*)
of th is pro ram. These include files are a part *
of Borland international's Turbo Graphix Toolbox*
Which is a commercially available roduct. *

I TypedefSYS) type & variable decleration)

ox.INC} idraw the box for the main menu)* ********************************************** *I

• These are utility procedures and functions to *-
hel inut.They are *ublic domain programs *

, lI Ut-Mod01.INC} (I/O procedures)
UtMod02. INC

Procedure MainMenu;~~~v a r , abSTab : Integer;

HelpIFile InputFile,MatrixFile,
plotfile 6 ont rolFileObserFile
Luenberglile,PoleFile,OptimalFile : File-
Description : Str80
Okchoices : Set O Char;

procedure Program xit;
(D isplays warning about program end)

Slrscr; Highvideo;
Msg'Have 3 ou wanted ending the SVS program? ( Y/N )[] " 1 0 , 1 0 )
LowVi'deo;
Repeat
option;
if not Ch in ['Y' 'N']) then Beep(900,350)

Until Chin 1'Y', '';
* End;

Procedure MenuItem(pick:charidesc iption:str80;
- l o s color:integer/;

iallows easy selection of main menu colors)~Beiin
T~~extColor(colorll "
Write?' '-Tab,' );TextCol3r(white pi ite(pick);
TextColoricolor Writeln ,descr itpk

End;

Begin ( Main Menu )ClrScr: .
TextColor(lightblue);
Msg(' Navai Postgraduate School IsmailUNLU ',7,24); "
GoToXY(T ?,4); TextColor (white);
Writeln(' ** SVS MAIN MENU )

r show main menu }-Writeln(' ');

Tab:=23;
Menu tem('I','Input / Change Plant Matrix Menu',red);
Writeln;
MenuItem ('G' 'Graphics Menu',lightfray);
MenuItem( 'C''Controllability ',yellow);
MenuItem( '0''Observability',yellow).
MenuItem('L' 'Luenberger Observer Design',yellow);
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FILE: SVS.PAS Program Listing Page 2

Menultem( 'D','Design, of pimal Cant5o1',ye11ow);I
Menuitem('P' ,'oePacement' ,yellow)MenultePol 'M ,'ati MataisMn',ihga)
Writein;
Menulten% 'H', Hel~ ',lightrnagental;

Box;-, 2if' not ~blockl in [.2 h
Khices:= L' H, Q

else OKchoi.ces:=[T, 1;O''',M,'l

Re eat (sets legal choices depending on user}

if' not (ch in okchoices) then
Be in(

If' block1 <=~ then z
Begin
Beep(900,350);
Msg('WARNING: First INPUT .9vLP or QUIT!',

End; 1,25);
End; TextColor (white) ;

Until Ch in Okchoices;
Case Oh of'

'I': Begin
Assign( TnputFile,'Input.com');
Execute (InputFile)

Besign(MatrixFile ,Matrix com');

EnExecute(MatrixFile);

'C': Begin
As n(P roFil,'otol cn')

End-/
'0':Besig oeroFil~ ,'oerlhn');

End-"
1L': Begin

Assg nber Fil~ 'Lecneghn)

'D': Begin2
End g a Luener e,~ebrgcn)
Chain optimalf'ile;

End
'P':Besign(PolemaFil 'Ple orn')lch

Cue( opmlFile
I End;

HQ': Be in
C'if' ch='Y'i ) or (chn) he

Exicte:= Tre;i
End;
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FILE: SVS.PAS Program Listing Page 3

End: (case)
End; {main menu)

Proram Execution Dart *

e~in (svs)ClrScr; (clear screen)

Exit := False ;(initialize boolean)
Repeat

if blockl <> 1 then
Be in

Elockl := 0;End;
MainMenu; ( call main menu until the user

want to exit
Until Exit= True
SetCap Num(' ' ' ' ');Say Cap Num;

Blok1 0 set capros set,and num lock off)En . svs = 0; ( eset problm)
End.5
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FILE: INPUT.PAS Program Listing Page 1

Pro ram input (input ,output);
(* hisprogram allows the user to enter change,save
and etrevet1e problem for the whole op~ins on the

($I1yeefSS (comman type & variable definitions)
Ut-mod0l.INCI (I/0 utility routines)

11 t-mod03.INC

($I ox.NC)(draws menu box)

var
inputdatfile,savefile,retrievefile, fie
changefile ,help2filefie

Procedure InputMenu;
var i,Tab : Integer

Okchoices : Set Of 6har
Finished : Boolean;

Procedure Menultem(Pick:Char;Description:Str80 N

Color: Integer);
Bin(displays menu items in color }'

TextColor (color); Writeln( ' 'escription)

End;

lrc-TextColor(white); Finished := False; '

GoToXY 20,4A reTiev:=true
NWrite( '*** PUT CHNE/&

for i := 1 to 4 do writeln(' ');
Tab -=1
Menultem( I','Input Plant Matrices ',red);
Menultem('C' 'Change Current Plant Matrices',yellow);

Writeln;
Menultem('S','Save Plant Mitrices to Disk

File',yellow
Menultem( 'L','od atM~ie From Disk

WrnIten;( H','Hel lli htmage~nta);
MenuItem~ 'Q ,Qui~ IoVS Main Menu ',lightmagenta);

Box; TextColor(white);

if blocki <> 1 then'OKchoicq: I L

else OKchoices :~I '',A ~ L
Repeat (wait for user to input a keyprees)

option;1
if not (ch in OKchoices) then

eeE900350;TextColor(red);
if ok <>1 then

* begin
* msg('WARNING: First INPUT RETRI15VEHELP or

QUIT! ,1,25)
end;

end-
TexluColor(white);

until Ch in OKchoices;
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FILE: INPUT.PAS Program Listing Page 2

case oh of
III: begn

Assig (inputdatfi1l, 'inputdat.chn');
chain( input datfile;

end;
'L': besig (retrievefile ,'retrieve.chn');

Chain' retrievefile);
end

'S': b g(savefil3 ,save.chn');
Chainksavefilel

'C:end;
Bessig (changefll change.chn');
Chain (changefile)

End;
'H': Begin

ainlg hel2fil 'help2.chn');
End;

Executes svsFile;
end

End; (cases
end;

(Execution the input/change menu program.

Begin (main program)
drive:= 'C'
remet

ioutMenu*
Untt FinisAed =,True;

End. main program>
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FILE: INPUTDAT.PAS Program Listing Page 15 ~ rogram input data(input, output);-
.To allow t4-6 user to enter the A,B,C matrix from the

label 13;label 10;label 11; (label decleration for the
GOTO statement)

*($I Typedef.sys) (comman variable declerations)

MIUt-modol incl (I/O routines)

var Ans,Cont : Char;
Out : Text;
Stepping, Step ,Steps,
Tempi Temp2,i,j : Integer;
Result : Real;
inputfile : file;

Begin (input data)
13 :ClrScr ;Writeln;
blockl=- textcolor(yellow)
Write('Enle~ the degree of the plant: ')

i tsize < = 0) or ( size > 10) then
be elnp(90,30);goto 13;

end;
for'steps:=1 to 10 do (initialize)

for stepping := 1 to 10 do
AlAs Lseps,stepping] :=0.0;

Writeln('Enter the elements of the A Matrix')
writein;
for steps := 1 to size do
Befin

Cor stepping := 1 to size do
reite(, A( steps, 'stepng,')=

Readln(A A1Astep~ipig)
End;Writeln; ess~pig

End;
RerScrt Writeln-
Writeln('The A A~atrix is :);writeln;
for steps :=1 to size do

oer~ stepping := 1 to size do

rite AlA [steps,stepping]:11);
End; Writeln;

End' writeln; (prompt to any changes)
Wrile ('oyuwn ocag .ye1eetof');
wr ite the Matrix ? ( Y/7N jn)? ); n
Read(Kbd,Ans); writeln; (allows user to change

entered data~
if ( Ans ='Y') or ( Ans '')then
Begin
write 'Input the row to change ';eadln(i);
write 'nut the column to c nge: : ;
read n ;.riteln;
wri e ' ' ') );readln(result);
AlAfij :res'uit-

End;
Until Ans in L'N','n'];

10:ClrScr ;writeln;
(user inputs B matrix elements from the keyboard)
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FILE: INPUTDAT.PAS Program Listing Page 2

write('How many inputs do you have ? ')
reaciln(ni);wiTeli
if (ni < 1 w~orl Ai > size) then
be ginp(900 3 5 0);goto 10;
end;
for'Steps :=1to 10 do

for stepping:=1 to 10 do
B s Ts~st~pinJ :=0.0;

Writeln('nter the elements of the B Matrix '
Writein;
for steps := 1 to size do

frstepping:=1 to ni do

Readln( WE stp=tpp )
end;writeln;L eStppn

End; Writein;
Reseat wien

Writeln('The B Matrix is: 1); writein;
for steps :=1 to size do
Befin

for stepping:=1 to ni do
begin I1 F

Write( 'B[steps,stepping]:11);
end; wri tein;

End; Writein;
Write( 'Do you want to c1~ang7 any element of');

ite( the Mtix ? (Y N) )
Read?(Kd,Ans7 Jat
wri emn; (alosuser to chaie B matrix element)

ifk Ans= 'Y') 0rAns ='y' )ten
Begin
write('Input the row to change ') eadln(i);
write('I put the column to change :')
reaLdl ( wri teln;
Brte u1 ''') );readln(result);
wtiteJJ=result;

End;
Until Ans in E'N','n'];

1:ClrScr; Writeln-
user inputs output data from keyboard)

write('How many outputs do you have ?
readi n(no)i
if no < i)or ( no > size) then

be §l~p(00,50);oto11;

end;
for steps:= i to 10 do

for steppin :=1 to 10 do

writ~e sepig :00
Writeln('Enter the elements of the C Matrix )
Writeln;
for stepping :=1to no do
Bfor steps :=1 to size do
be~ n

Write('C'stepping, ' , ps,')

end; writeln;
End; writein;
Reseat wien

Writeln('The C m~atrix is :';writeln;
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FILE: INPUTDAT.PAS Program Listing Page 3

for stepping := 1 to no do

or steps:=1 to size do

* end;writeln;'
End- Writein;

Wr~i(:Doyou want to c ang7 any eJement of');
'DoheC atrix ? IN )

ReadKbd. Ans wri eln;
if (Ans ='Y 5 or Ans 'y') then
Beg in
write('Input the row to chnage :);ieadln(i);

*write('Input the column to change:
readl~ j) 1 wr iteln;,
CL i ,j J:=result ;'J

End;
Until Ans in ['N','n'J;

Assign( inputfile, 'input com')Lgmeupor )(re-execute the input/c~ag euporm
Execute(input'ile);

End. {input datal
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FILE: CHANGE.PAS Program Listing Page1
Pormchan~e data( in~ut,out~ut);

" This program allows the user to change A,B, C *" matrices and their matrix order.
abel 11;label 12;label 14;

($I Typedef.sys) (comman type & variable decleration}

iIUt-mod01 incl (1/0 utilities}

var Ans te-mp input tpe : Char;
Stest ingStep,Steps,i,j : Integer;

Resut :Real;
inputfile : file;
result-size : integer;

Begin
clrscr;writeln; gotoxy(1,22);
invvide o('Pes '<ESC> to change it',
,otoxy(1 23)sinvvidiio'Then input your choice with <ENTER> key');
Igotoxy (1~extcFl or (ilghtblue);-
writeln(' ***Qhange Current Plant Matrices

Proce ~ure**)
writeln?

Msg('Whici matrix do yolu want to change ? ',1,6);tex color (lightmagenta );,
msg PLANT ~'3

rnsg(INPUT
inu(A,''5g 2, treF,1)

inputype:= ',5 temp;FF0)

case inpu=ttyp; o
'A': begin 

714: ClrSr
writeln('±he A matrix is :');writeln;
for steps.-1 to size do
be.fin

~or stepping:=1 to size do
begin

write(' ,AlA~steps,steppingj:11);
end; wr iteln,'

endiwriteln;
Wri e(IThe order of the system is:',

size, ' I *

repeat
read(k .bd,ola 0 nuntl1 chin [ Y','N'$'v'n']

if ch='Y') or (c'h='y'){ hen
begin

write
write ('he order o5 the system is :');
reaj~ln(result siz )
if (result siZel or (result sizel10)

then begi-
beep( 90,350); goto 14;
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FILE: CHANGE.PAS Program Listing Page 2

end;
size: =result size;

end;
repeat

clrscr ;writeln;
Writeln('The A Matrix is : );writeln;
for steps :=1 to size do
Be~in

?or stepping := 1 to size do
Bi Vwrite& ' ,AlA[steps,stepping]:11);
End; Wri teln;

End; Wr ite in; I
Write( 'f 0 w' to change any element? -

7 y~u2
Read(Kb~ Ans );w i{Lln-
if ot (kns in L 'N', n']) te
if ( Ans 'Y') or As=y')te
Begin
write( 'Iuiut row 'to change:')
readl 1Q
write U column to change ')

read n ;twriten

AlA i~ J:resu t;
End;

Until Ans in ['N','n'];
end

'B' :beglin
11 :Clrc
writeln( 'the B matrix is :');writeln;
for steps:=1 to size do
bfor stepping:=1 to ni do
begin

write(' ',B~steps,stepping]:11);
end;writeln;

end wr iteln;
Wriftj('The nu~b7 rj),~ nu s:'n

Change Y N of inputi ,n,

rednt result size);ift (rsl ch ~ < 13 orY (reslt ie>
hen ei

brieep;(allow) goto usrt1 cag;nme

nresltrsize;ie5

end;

foretes:1tsied

frsteppin :=1 tzonid
Bein

Ed r ''B[steps,stepping]:11);

End;Writeln;
(prompt the user for changes on B matrix)
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FILE: CHANGE.PAS Program Listing Page 3

Write('D o1 N to change any element

Read(Kb .Ans);wiltein-
if not (Ans inL 'N', n') then
if Ann ='Y') or ( Ans ='y') then
Beg n
write('Inout row to change :
read nci)

write('In ut column to change :
readln( J)

writeln-write('B(' ,i, ' ,' ' )= );feadln~result);
i,jj:=result;

End;
Until Ans in ['N','n'];

end;
'C':begin

12:ClrSqr
writeln('±he C matrix is :');writeln;
for steps:=1 to no dobefin

bor stepping:=1 to size do

begin
write(' ',C[steps,stepping]:11);

end;writeln;
end;writeln;

(allow the user to change number of outputs)
Write 'The number Y ;',no,');writeP' Change ? (Y/N) i;
repeat readkb d,ch) '']

until ch n [ ,'N',y5,,nI];
if ch=IY') or (ch='y'3 thenbeg n
writelnwrite('The Number Qf Output is :');readln(result size),
if (result siZedl) or (result size>10)

then be in-
beep(900,350); goto 12;

end;
no:=result size;

end;
repeat

clrscr;writeln; show C matri elements)
Writeln('The C Matrix is :');writeln;
for steps :=1 to no doBefin

or stepping := 1 to size doBegin: Write(' ',C[steps,stepping]:11);
End; Writeln;

End;Writeln;
(prompt the user for changes on C matrix }

Write('Doo wantto change any elementRead(KbdAns ;w Itei n te
if not (nn in I 'n
if ( Ans ='Y') or ( Ans ='y') then
Begin
write ('nut row to change : ');
read n i

write(' nvut column to change :
readln(j)

writeln write( C(',i', ,j,')=' );
Cfeadln~result);
Ci ;i,Jj:=result;
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FILE: CHANGE.PAS Program Listing Page 4
Until Ans ir C'N','n'];

end;
ena;
Assign(inputfile, 'input.corn'); (re-execute i~iput
Execute( inputfile);prgam

End.{change)
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*FILE: SAVE.PAS Program Listing Page1

*Program save data;

$IvT~edeI.SYSy,
{$I U -mod0l. INC
$1 Ut-mod02.inc

* var
filename str20;
blockfile :text;

i 9 'integer;

input file :f'le;
b egin t save data0

clrscr; HighVideo-
,(let user to chcunge drive if necessary)

Msg('** Your Data Drive is .Press <esc> to change

repeat
input( 'A' copy( drive 1,1 ),32,11 ,2,true,F1 ,F10);
ch:= cQp ans(er,11 ;
if not(?hi 'A ,B 'CDE] then

Drive conca th,':)
dlr sr(prompt for filename to store data)
msg( 'Input name of file to save data in File',1,10);
writeln- writeln;
writeln~l*** M~r DATA disk must be in drive
,Drive' *

input('k1',',45,1 true,F1 F10);
filename:= con atUbrlive ,copy~answer,1,8),'.svs');

Assign ( 3lockfi e,ftilename); (Open file)
rewrite Bockfile);
Writeln, Blockfile,si e);
Writeln (Blockfile,ni);
Writein (Blockfile,no);
for i:= 1 to size do

for J:=1 to size do

for i:=1 to size do
for .1:= 11to ni do
write n blockfile 9Bli,j]);

for i:=1 to no do
for J:=1 to size do

close( plockfile); (close the Cile)
Assignkinputfile,'input com') ; re-execute

input/change menu program)
Execute( inpu~file);

* end. (save-data i
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FILE: RETRIEVE.PAS Program Listing Page 1

Program retrieve data;
($I Typedef.SYS} (variable decleratios)

I Ut-mod02.INC (I/0 routines)
1Ut-mod02.INC

($I Directry.INC) (shows available data files)

var
readfile : text; (The text file user will use)
filename : str20;
readerror : boolean;
linecounter,in integer ( A counter for the

lies we readl
inputfile,PlotFile: file;

begin ( procedure retrieve data)
LlrScr;HighVideo;

Aliow change of disk drive if desired)
blo kl:=1;
Me(** Your data drive is Press <ESC> to changeit!. **' ,10 ,11 );
Repeat

Input('A copy(drive ,1),32,11,2,true,F1,F10);Ch:= cop( a nswer, 1
If noc in [L ,B,1''DE1]) then

beep 9 0,3i0BUntil ch in I A', B I.C I,'D ,E 1];Drive:= concat(cA':D);

(Ctl1 directory to display eligible fliles)
Direct ry(drive, extension,filename,readerror);
If not(readerror) thenBe~inBssign readfile,filename);

Open the file and read contents)
Reset(readfile);
Linecounter:=0; (count the lines )
While not EOF readfile) do

SThe built-in function EOF returns true)
Betiniif the end of a file haf been reached}
Bineconter:=linecounter+1; Count the next line)
Readln(retdfile,size);

Read it into variable line }
Readln readfile,niReadln readfile,no)
For i:=1 to size doFor J:= 1 to size d

Reareadfile,A1ei,Jt);For i:=1 to size do
For J:=loto ni do
Readln(readfile,B[i,J]);

For i:= 1 to no do
For J:=l to size jo

Read readfile,CLi ,J]);

End; Closereadfile);End
Else
Begin

or dire:ctory error message and continue)
Win~o~t i ,1,80,25)

Clrscr ;
End-;
if not (retriev) then
be~in

ssign( lotfile,'Plot.COM');
Execute PlotFile)
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end
else
begin

Assign(inputfile, 'input.c~m' );{re-execute

end~ nputfle);in put! change menu program)
End. retrieve data)
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Program Plot-
Program plot contains graphic programus. They arewriten bT WOOD Roy, Jr. and modified for thisprogram.

($I Typedef.SYS)(type and variable decleration routine)
($ Ut-mod0l.INC } (1/O routines}
1 Ut-mod02.INC

($I Box.INC} (drawing menu box

var
i: Integer;

heip4file ,Retrievefile ,Nyquistfile,
timeplotfile ,bodefile ,riocifile ,rootsfile :File;

Procedure GraphicsMenu;
var

i ,Tab : Integer
Okchoice : Set Of har;
Finished : Boolean;

Procedure Menultem(Picc: Char;Description:Str80;
Color:Integer);

(gives easy selection of input menu colors)

Write tabr1); TextQ or(white)- Wr ite(pick);

TextColor(color); Writeln i,Descr ip~ion,
End;

Be~in
lrc;TextColor(white

Finishe := False'GoTo *(20 4);
Writeln(' GRkPdHICS MNt~ ** )

M.dsplay graphics menu)
Write ln-
Tab:
MenulTemiL ',Load Plant Matrices From Disk

File ,red);
Writel1n;
Menultem('C' ,'Characteristic Equation Roots' ,yellow);

MenuItem( 'B',Bode Plot ',yellow?*
Menultem( IT''Time Response P lot, Iellow)
Menultem( 'N','Nyquist plot',yellowy

Menultem(" '''Root Locus Plo ',yell~w);I
MenuItem 'H','HelIl~taet)
MenuItem Q' ;Q Qu l VS Main Menu ',lightmagenta);
TextColor(fr ren);
Box- Writ em;
Textcol~r whW); retriev:=false;
repetoX~~,2, read user choice from keyboard)
option;

until ch in ['R , 'L' ,'B', ), 'N' ,'H', 'Q , IC7] ;
case ch of

cha:bein~roii
BeS~ig (retriefil ,'ero ievehchn')
chain rlorievfile);

end;

70



FILE: PLOT.PAS Program Listing Page 2

'T': be in
Assigi(timeplotfile, ,timeplot.chn');
Chain (tiinep lotfile)

'B:end;
IB:be ig oefl

Chain (Bodefil~ 'Bode.chn');
end;/

'N': be gin
Asig( nyquistfil~ 'Nyquist.chn');
Chain(yquistf'ile);

'C:end-,
%esig L (rootsf ile 'roots.chn');
Chainkrootsfile)

'H:End;
Besig HelD4 Fil 'Help4.CHN');

End; elp4File)i,

besign(9vsFile 'svs.com');
ExecuteksvsFile);

end;
End;

End;

Be in (plotI

(initialize drive selection for load procedure)
repeat
GraphicsMenu; (repeadely call graphics menu until

user selects to quit)
Unt 1 Fi ished =True;

End. 4plot
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(lBODE PLOT is the driver program for the Bode
plotting routines. It simply invokes Bode plot, when
finished, returns back to the graphics menu. Y

Program Bode;

IGaphix.s (rpis otns
ilTypedef.sys~
Trphix.sysj (graphics routines)

S Kernel.sysi
Windows.sys
Polygon ghIAxis.hgh}

I Ut-mod0l.inc (I/O routines)
qIUt -mod02. inc
$1 Ut-mod03.inc

,I GraMenu.incl raph options menu)qI PlotBode.in¢ Bode plotting routine)
$I Boxuser.inc}

type ary4 = ar-ay 1..11] of real;

-p ary6 = array 1 121 of integer;
var

plotfile :file;

(I Polynom.inc) (Polynomial routine)
M$I RooTfind.inc) (Polynomial roots finder routine)

($I Bodeplot.inc) (Bode routine)
beginbei BODEPLOT; (call the Bode calculation routine)

Assign( plotfile,'PLOT.COM');
(re-execute the graphics menu routines)

Execute(plotfile);

end.
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Program time response-
label 13; label decleration for GOTO statement)

II Typedef.sys 
(graphics routines)I Kernel.;s

I$ Windows. lys)
I$ Axis.hgh)

II1 Polygon.hgh)

~I Ut-mod0l inc) (I/O routines)

($I GrapMenu.inc) (graph option menu procedure)

type
ary4 = array [ 1::111 of real;
ary6 = array 1 1.11 Jof integer;

var
Psi ,Phi ,A,Atemp :aryls;
tempt inyut type : char;
Ofse' Re, TImax

Row~uMaxowSum, t,Ti ,OldMaxRowSum,
Plottime,Uinput PhiX,
holdYmax,Ymin , Plot,
Amplitude, Freq,yV : real;
Factorial, Plotindex,

* Nincr cod~e it.. j j m, n kk cnpoles,sizezero : integer;
* Dump~r Ah, 6oodNumbers,
*ClosedLoop,quit : boolean;

Cl ,Xold,Xnext,Gamma,:ays
Gra hArray,Inputarray :arytas; yList : ext;numcoeff,dencoeff,cdencoeff : ary4;kkl : integer;*plotfile : file;
I$ Polynom.inc) (characteristic equation procedure)

TBoxuser.inc Y

Procedure PrintGraphData*
?this procedure dumps time-response data to printer)

eav~rahicClrscr;
repeat
Textcol Qr(white) otoxy(20 o)'
writel' I *** RAM OTP ~T OPTIONS

Textcolr t elos got ox (20,14);
writeln( I Check Your Pr nter''
Textcol r(white); gotoxy(20,15);
writel ('<F> List to File name
gotox 0,16);

writ I) on the current drive

if Mc=FIP 'or (ch='f') or (ch='P') or (ch='p')
then
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begin
if (ch = 'F') or (oh = 'if') then
begin

assign( ist, 'Time.RES');
rewrt ( ist);

end
5 else
* begin

gotoxN(4,13);textcolor(red);
write(PR NTING...
assign( list 'LST'3;....
rewrite ( is-b)

end
wrileln(list 'TIME RESPONSE PLOT

writln lstlESULT')
writeln list, TIME Sec)

(input) 'S tu

writeln( list, '------------------------

writeln( list);
for i := 1 to 200 do

Gra hArray.i2J:12:
end; InputArrayli,2J:1:4);.2

until oh in ['Q','q'J;
EnterGraphic;
swaps reenclose list;

end;

Procedure MatrixMuJlt(Matrixl ,Matrix2:aryls;
var AnswerMatrix: q.ryls;

var ij intger; Order:integer);

orx i:=1 to order do
for J:=l to order o
AnswerMatrix Li Ji : 0;

(initialize the answer matrix)

for i:= 1 to order do
for J:= 1 to order do

for L := 1 to order do
AnswerMatrix i, I nswerMat ixj,J] +

end; ~Matrix1 =,LJ *Matrix2LLJ;

Procedure ScalarMult(Matrixl : ar y s; scalar real;
var AnswerMat rix:aryls;

Order: integer);
var i,J: integer;

befim
oar i:= 1 to order do
for j:=1 to order 01

AnswerMatrixLi ,jJ:= AnswerMatrix[i,jJ * scalar;
end;

p Procedure MatrixVectorMult(Matrixl :aryls;
Vector : ary3s;
var AnswerVec or:ary3s;
order:integer);
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var i,3 integer; S.

bein 0
fori:1 to order do

Answer=ecord T Irixi i,J]*Vector[jl;
end; nwretri. o

end;

~nitgraphic; leavegraphic;
Boxuser;
Characteristic Equation(AlA,sizeDenc3eff)

(calculating denominator coel'ficient}
for i:=1 to size do PSI[i,sizej:=B[i,1J;
for jj:=2 to size do S
be in

for i:=1 to size do
begin

j :=size-jj+l 
d%kkl*-3+.4 0PSIti,Jj :=Dencoeff[kk1J * Bri,lJ;

for 1-=itosize do

and;p~ti: PSI~iI J] +A1A~i,l' * PSI~l,kkl];
end;

for i:=1 t? size do
be~in calculating numerator coefficients}
Numcoeff~i]:= 0.0;0for J.:=l t?,jize d
NumcoeffiJ Numcoeff[i] + PSIEJ,i] * CE1,i];

end;
for i:=1 to size do (calculating numerator order}
begin

m: =size+1 -i
if Numcoefftm] <> 0.0 then goto 13;

end;
13: sizezero:=m1
Clrscr;

TextCol~r(lightblue ;
writelnI* Time Response PlottingParameters **I;I*

Msg?'What is your input to the system? STEP (S)
Msg(I ' AAP' R)
Msg(' SINE WA~~it,
Msg(' IMPft LE / U)
repet

input('A','S',50,6 2 tr e,F1,Fl0);
temp := copy(ans ?ei! ;1 ;
if not (temp in LS? T W','I']) then

until temp in ['5',RI1 'il
Inp t T gPe := temp;
Isn atsIyulnu amplitude '1,11);

InTt(;;, m35jl IItr u ,Fl,F10 ' II
va an werAmJpli ude,codell
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case InputType of

~sg( 'What is yorDC value? 9 11)

ms (Wht i your's o e , , 5

val.1answer ,slopse, cde
end; 'hat is your slreuency
Input('N',' ,515 rue,F1 F0)

end enval (answer,s Frecoke);

MsgOpen(0) r Clsed (C) LopPlt? ,,1)

repeat
Input('A','CI 40,17,2,tzue,F1,F10);

temp0 IC coy)n then beep(350,150);if' not (temp in 1)tuntil temp in ['0 1'C'
if temp = 'C' then'ClosedLoop:= true

A else ClosedLoop:= false;
Msg(IInput your simulation time for the lystem (99

repet 'max) 1,20);
Input(k'N' 11,55,20,5 true,F1,F10);
val ( nswer Tmax code 5;
if max > 9 then been (350,150)* until (Tmax <= 99) and (Tmax >)

Boxuser;

if ClosedLoop then
or~i i:=1 to maxorder do CflenCoeff[ i] 0.0;

(initialize)
for i:= 1 to szeZero + 1 dQ

CDenCoeffIiJ: Numcoeff L
SC.L. denominator equalsithe sum of open loop

denominator and 0.L. numerator

for i:=1 to SIZE + 1 do
CDenCoeff Lii := CflenCoeff[iJ + Dencoeff[i];

if size > sizezero then MNoles:= size
else CN oles:= SizeZero;

(Nploes shold always be greater,but to be safe)

end
else
be in : Sz

for i:=1 to s. ze do
CDenCoeffi J:=Dencoeffi1;

end;I
(Calculation of new A matrix)

for i:= 1 to CNPoles-1 do
befin

oreJi = to CNPoles do
if j =i+1 then A i, 11= 1.0
end; else A Li, J 0.0;

end;
end;
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(Calculation of new C matrix )
for j:= 1 to CNPoles dobegin]

b CNPolesj] := -CDenCoeff[j];
end;
for i:= 1 to CNPoles do
begin

if i > SizeZero + 1 then C li]:= 0.0
else C11iJ:= NumCoeff[i];if SizeZer =CNPoles then

C1i :=C1 iJ+ NumCoeff[SizeZero+1]*

end; A[CNPoles,];

( Selection of sampling time interval }

Nincr := 1000;
T := (Tmax/Nincr);
Atemp :=A;
Psi := A; (initialize psi to the value of theinfinite series after the first)

Scalar Mult(Psi T/2,Psi, NPoles);
for i*F 1 to CNtoles do (two terms I + A*T / 2!)

Psiri,i]:=Psi i iJ + 1.0;
Factorial := 2; TI := T; 01dmaxrowsum:= 0.0;
repea0

oegin
Factorial := Factorial * (i+I); Ti := TI * T;
MatrixMult(A,ATemp,Phi CNPoles);

(phi is used at temp .
ATemp:= MPhi hlding matrix to lar e array)
Scalar Mult(Phi,(T1 Fac torial),Phi,C§Poles);
for 1:=I to CNpoles do

bor m:= 1 to CNpoles do
befin,.Psi[j,m] :=Psi[j,m] + Phi[j,m];

end;
end;
Maxrowsum:= 0.0;
(computes maxrowsum as measure of change in last)
for J:= 1 to CNpoles do series term to be added.)

begin
rowsum:= 0.0;
for m:=1 to CNPoles do

rowsum:= rowsum + Psi[j,m];writeln;
if rowsum > maxrowsum then maxrowsum := rowsum;

end:
if (abs(maxrowsum-oldmaxrowsum)/maxrowsum)< 0.001

then finished false
(quit when .1%change) else finished := true;

oldmaxrowsum := maxrowsum;
end;

until Finis hed-
Scalar Mult ( Psi,T,Psi,CNPoles);
Matrix-Mult (A,Psi,Phi,CNPoles);
for i T= ] to CNP les do
Phi[ij := Phi i,i + 1.0;

for i:= i to CNPo es oGammail := Psi i,CNPolesJ(single nput system with B vector: )
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{ B= [000 0.. .0 11i transpole)}
Plottime : CN Ooles d Xod J= itialize
for i:= 1 to 6N e oXl.0;

Ymax :=0.0; Ymin ~ . pey;tae

Boxuser;

for N :=1 to Nincr do
'4 (begin calculating next state and y)

begin(compute input at time Plottime)
,case Inputtype of

I':Uinput Amplitude-
R :Uinput :=Plottirne i slope + offset;

III : if plottime = 0 then Uinput :=amplitude
else Uinp t: 0.=

W :Uinput := Amplitude * sin~freq * piottime);

end; (case)
MatrixVectorMult(Phi, old,XNext,CNpoles)

for i:= 1 to CNpol: esdocompute new states)
Xnext i].= Xnext L]+Gamra[iJ*Uinput;

:= 0.0;
for i:= 1 to CNPoles do
begin<1.E7:=+*nxti

if abs(y) < .E7then v- C LiJ neti
edelse Y: .007;v ma y limit)

if LizeZero = CNPolesfthen
y := y + NumCoeff SizeZero+1] * Uinput;

if y > Ymax then Yrnax := y;
if K < Ymin then Yrnin-
if Nmod 5 = 0 then (plo{U every 5th point)
beg in

GraphArray[£Potindex, 1] Plottime;
Gr aphArray L Plot index: 2
InputArray L Plotindex~l : 1 iottime;
InputArray [Plotindex,2J Uinput;
Plotindex := Plotindex + 1;

end
Ploitirne :=Plottime + T; Xold :=Xnext;

end;
Ymax := 1.1 *Ymax;

Initgraphic;

SelectWindow( 1);

drwtxt(20.,20,:, '0');dratt( 20,26,1, U)
drawtext (20,32,1,"T
drawtext (20,38,1,P

-drawtext (20,44,11 'U')
4,drawtext(20,150,1, T1

drawtext(250,195,1 ,'TIME(sec)' );
NiceAxes(, tmax Vmin y~x '

Selctwrld WordNdx6lb ;Se 1 c~no(WindowNdxGlb);

DrawPoly on(GraphArray,l1,- PIJ~otindex-1),0,0,0);
NiceAxesf (0 tax,ymi~n,ymax,
Se- 'LineStyle(1); {dashed-Hne for inp ~t sign~.l}

SetLine'tyle (0)
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repeat until keypressed;
quit := false;
repeat

Graph_Menu('Time-Resp nse',DumpGraph,quit);
?calls print/ttle menu}

if DumpGraph then PrintGraphData;
until quit;
LeaveGraphic;
assign(pl tfile,'plot.com');

.re-exe ution graphics menu program )
execute( potfile);

end.
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Program Ny quist;
label 1; {label decleration for goto statement)

I I Typedef.sys 
(graphics routines)I Kernel.sys

IWindows sys

II E yqisspotingrutne
~I Utmod0l.inc (1/0 routines)

1 tmod.02.inc

I Gra Menu.inc h ) options menu)
{II Bxsric

type ary4 = array [1::11] of real;
ary6 = array 1..21 of integer;

$I Pol nom inc} Polynomial routine)
M1 Roofidnc iPolynomial roots finder routine)

var
* Code ICount NumberDecades,

Stan Decade tndDecade,one : integer;
WfWo Wi,D~eltaW Gain :Real;
PlotArrax 1 Plo~tkrray2,
MagPhaser ray Fr eqArray :PlotArray;
ZMagn,ZPhase, PMagn,PPhase,Phase : real;
TempX ,TempY : real;
temp:chr
OpenLoop, PicBig chbolar;

&Jj,Im ' 1sizezeros,CNpoles : integer;
eceff,Numcoeff,cdencoeff : ary4;

real art ole,imagpartpole,realpartzero
crea par pole,imagpar zero,cimagpartpole: ary3s;
PSI aryls;
plotfile : file;

function Log( :real):real;

Bein optsthe base-lO logarithm of X)
~fX=0 th n T og:=0 else
Log:=LnX) Ln(10;

* End;I
function Expon(Y,X:real):real

Bein(computes 'raised to X power)
ixpon := exp( X * (ln(Y)));

end;

* begi r; one:=1;
Characteristic equation(AIA,size,Dencoeff);
for i =1 toe'Z doPSI ti,size.=E[i,1;
for ji :=2 to size do

* be~or i:=1 to size do
* begin

:=size-jj+l;
PSIij =enceffkkl B[i,1];
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for l:=1 to size do
%,Ii~j :PS[ ij]+A1A[i,l] *PSI[l,kkl],:

end;
end;

end;
for i:=1 to size do

for J:=l to size do
be in

§umcoeff~i]:= Numcoeff[i3 + PSICJ,i] *CHl,j];

end;
end;
for i:=1 to size do
begin

m: =size+l
end WLuJc.L±LUJ <> 0.0 then goto 1;
1 :slzezeros:=m-1;
Cirso r-
TextCo ?r(lightblue);

write ln' NTus Plotting Parameters

PicBig:= false;

Msg('Open (0) or (C) Closed Loop Plot ?',5,5);

repeat(

temp: = Qop(answr
if not (temp in ~''then Beep(950,350);

until temp in[''C'
if temp = 0' then penLoop t=true

else OpenLoop := false;

Msg('Graph window (B) Big or (Seityour own
size?5,

repeat
input('A','' 60 ,7 2true,F1,F10

* (sets flag OpenL'op'il' user selects){he open loop)
temp := copy( an~wer,1 1>if not(temp in 'B'I~J then beep(350,150);

Until temp in L B 'S
if( temp = 'B') ihen PicBig :=true

else PioBig :=false;

if not (picbig) then
begi(Ip your first fre~ency to be

Msg('(example: .~ 01 106 etc )',10,10);
Inp~t(N' ,',50,9, ,tue,Fi F1 0
Val answero code );(Wo is he first plotted freq)

Msg( 'Input number of decades do,.VQ u want
plotted?' ,5,1)

in it('N','' 50,12,2,true,Fl, 10);
VaY~nswe',N~mbe~ecdes~ode;

end
else
begin

wo:=0.001 ;
NumberDecades: =8;

end;
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root -finder(sizezeros,Nlumcoe~f,realpartzero,

root-finder(size,Dencoefl', ealpartpole,
imagpartpole, one);

gain: zNumcoeffrsizezeros+1];* for i:=1 to sizezeros+1 do
begin

en;Numcoeff~i] := Numcoeff~i]/gain;

clrscr;iBoxuser;

for i-1 to maxo~'der do CDenCoeff[i] := 0.0;
initial ,ze

for i:=1 to Size eros + 1 9.
CIenCoeff[ij := Numcoeff Li] gain;
(C.L. denominator equals the suip of open ioop
denominator and O.L numerator

for i:=1 to Size + 1 do
CDenCoeff[i] := CfenCoeff[i] +Dencoeff[i];

if Size > SizeZeros then Cnpoles:=Size

else CNPOLES:=SizeZeros;
45 (compute new denominator roots)

V ~root-finder(Cnpoles,AcenCoeff Celatoe
ClmagPart Ple ,one);,

StartDecade := trunQ (Log( Wo) )
(compute linear scale to plot}

EndDecade := StartDecade + NumberDecades;
Wo (~log numbers. Al sofiguestp

Wf := Wo* Expo~ 10.0, Number~eads)
DeltaW := Expon((Wf/Wo),0.0125)
Wi := Wo;

for Count := 1 to 81 do
Ido 81 iterations... .arbitrary #

Begin
if OpenLoop then

(compute bode numbers if openloop and later if
closed loop)

begin
ZMagn:=1.0; ZPhase:=0.O;
PMagn:=1.0; PPhase:=0.0; (initialize)
for i := 1 to SizeZeros do

(compute magn and phase of zeros for freq step)
begin

ZMagn:=ZMagn * Sqrt(Sqr (RealPartZero[I] )+
Sqr (Wi-ImagPartZero [I]));

if RealrartZero[l] = .0 then
ZPhase:=ZPhase+pi/2.0 elsebeginI

if realpartzero[iJ > 0.0 then
ZPhase:= ZPhase + ArcTan((Wi-

ImagPartZero l/-Real artZeroci]))

else
ZPhase:=ZPhase+ trcT"(( Wi-

IragPartZero Li )/- ealPartZero[i] ));
end;

end;

f~r i:= 1 to Size do
(compute rnagn and phase of poles for freq step)
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hefin
~Magn:=PMagn * Sqrt(Sqr (RealPartPole[I]) tSq Wi-ImagPartPole Lii)),
if RealPartPole[i] =00then

PPhase:= PPhase+pi/2.0 else
begin

if RealPartPole[i] >0.0 then
PPhase: =PPhase-D 4+ArcTan((Wi-

PPhase:= PPhase+tr cT.(( Wi-

end; ImagPartPole L i)(-RealPartPole[i]));
end;

Phase :=Frac((ZPhase - PPhase)/(2*pi)) * (2*pi);

{Pha e "mdul1 Pi)
TempX ~abs((Gain*zMagn/PMagn Cos(hae)

Tem Y :=a~s((GaRn*ZMagn/PMaP~n )*sin( Phase))
if (PicBig) ad (TempX > 100 )then TempX :=100;
if (PioBig) and (TempY > 100) then TempY :=100;

If Phase0 > he 5hase:= Phase-( *p1i
If ((Phase> (pi/2)) and (Phase<O*pi/)>?)) then

If ((Phase>pi) and (Phase<(2*pi))) then
TempY := -TempY;

MagPhaseArray count ,21 Phase;
MagPhaseAray Lcoun 1J Gain*ZMagn/Pmagn;
PlotArrayl Lount,1I: TempX;
PlotArray2 Lcount,1 J =TempX;

Plo tArray2Lcount :21 := emp ;

FreqArray [Count, 1J: wi;

*Wi := Wi * DeltaW; (increment freq step)
end

pelse(erform same steps as above if closed loop requested)

Magl:=.0;ZPhase:=0.0;PMagn:=1 .0;PPhase:=0.0;
for 1 := 1 to SizeZeros do
begn:=.ZMagn * Sqrt(S~rj(RealPartZero[ ~J+

qrWi-ImagPartZeroLiJ));
if RealPartZero[I ]~ . then

ZPhase:=ZPhase+pi/2.0 else
begin

d if RealPartZero[IJ > 0.0 then
ZPhase:=ZPhase - 1+Arca (i
else ImagPartZero L i] -Real iartZero[i]))

ZPhase:=ZPhase.+Ar T (Wi-
end;ImagPartZero i 3/ -Real PartZero[i] ));

end;

for I := 1 to CNpoles do
befign:.Pan SrSq e3

Mg:Pan* Sq rCRealPartPo ejl+
S~rW- mafPartPol

if CRealPartPole I .0 hen
PPhase:=PPhase+pi/2.0 else
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beg-in
it CRealPartPole[IJ > 0.0 then

CIma~gPartPol=liP r-piartole]

PPhase:=PPhase4AC ji ~ l~])
CImagPartPolelil -~a a

end;
end;

Phase Frac((ZPhase - PPhase)/(2*pi)) * (2*pi);

(Phase,"mod 1lo" 2 P.
TempX :=abs((Gain*ZMagn/PMagn )*cos Phase)
Tern Y :=as Ga~n*Magn/PMaan) *sin(Phase)
if (PicBig)and (TempX > 100 thenTempX : =i100;
if (PicBig) and (TempY >100) then TempY := 100;

If P ase<c0 he ase:=(Phase+ 2*pi)-
if (Phase) pi7 2 and (Phase<~ 3 *pi/ ))) then

Te mpXn- TempX;If ((Phasepi) and (Phasec 2 *pil)te
TempY :=-TempY;

PlotArrayl LCount,1 : TempX;
Plotarray2 Lcount,l] : TempX;

PlotArrayl ECount 2] TempY;
PlotArray2Lcount,2J: -1.0 *TempY;

Wi : Wi * DeltaW;
end;

Plot_lryquist(Startflecade,EndDecade,
NumberDecades FreqArray PlotArrayl

Plotarray2,MagPhasekrray, Picl~ig ,OpenLoop)

Assign(Plotfile, 'Plot.COM' );
Execute(plotfile);

end. (Nyquist)
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Program Root Locus;
( Th is progrM~m plots the root locus of the plant}
label 1;(label declerations for the goto statement)

I I Typedef.sysj (graphics routines)I Kernel.sys)
I Windows.sys
I Polygon. ighlI Axis .hghl

{I Ut-mod0l.inc )(I/O routines)
1 tmod02. ic)

($T GrapMenu.inc) (graph options menu)

tyeary4 = array 1..11] of real;
Vrary6 = array E 1..21 Iof integer;

J code,LineCount :integer;
PioiPole, PlotZero :Plot~rray;

PlotReal Pole,Plotlmag Pole :ays
Deltauain 6StartGain EndGain,
Variable 6 ainXmin,imax,Ymin,Ymax,gain: Real;
NegFeedback, dumpgraph,quit Boolean;

list :text;
Jj kkl m,l,sizezeros,one :integer;
hot dpoiyK, dencoeff,numcoeff :ary4;
realpartpole,imagpartpole,realpartzero, rys
imagpartzero :ays
PSI ary Is;
plotfile fM e;

I$ Polynom inc)
{ Root find .inc)

Procedure PrintGraphData;
Be in dumps root locus data to printer)
~eaveGraphic; Clrscr;
repeat
Textcol].or(wh i.te);
gotox(2,1)
writeln(f 1 PROGRAM OUTPUT OPTIONS * ')
gotox(0
writl('' P riter outp ~t

Textcolor( ello r; 0ooy( 14)
writeln( ' Check3 Yourxrinez
Textcol r(white) otoxy (20,1 5);
writel '<F> Lisi ~o File namegtoxy(01)
goto 016);
writel I on the current drive

gotox 1,2 15 ;textc3or (vellowa;, ')wri ' h 0o 1 RS'; oxy( 2 ,7
read kbd,cIf ch=or (ch = If') or h P o

fgjch IF)o (ch I f') then
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gotoxN~4,15) ;textcolor(red);
write( PRtNTING ....
assign( ist, 'Rloci.RES');
rewrite list);

end
else
begin
gotoxN(4t13);textcolor(red);
write 'PRINT NG..
assi n( 2,s LST:';....
rewritelistW;

end;

LineCouit :- 0;
writein (li)-
writeln( lists ZEROS')
write n list);
write~ 1 st,'
write i (list, REAL

IMAGINARY');
writeln(list); Line ount LineCount + 6;
Aor i := 1 to sizeZeros do
begin
writ eln(list R;ealalt zero~iB:10:3 ,

writeln list) POLES
write 1 st' GAIN
writeln( list,' REAL

IMAGINARY');
writeln(list); LineCount := LineCount + 7;
VariableGain := StartGain;

(compute root locations for varying values of
gain and print them)

DeltaGain : EndGain-StartGain)/50;
For J:= 1 to 50 do

ole~on := dencoeff;

If Neg =Feedback then
For 1:~ 1 to sizeZeros+1do

Holci olyLI] := HoldPolyLIJ +
(gainlVariableGain *numcoeff[IJ)

else
For I:= 1 to 1i eZers +1 do

HoldPolyLI:= 1-oldPolyj[I I +(mgain
Variabl' _Gain *numcoeff[I]);

RootFinder(size HoldPoly,Pl QtRealPole,
PlotimagPole, one)I

writeln( list ,Variable Gain: :4);LineCount :=LineCount + 1;for i := 1 to size do
begin
writeln(list,' 1i ' '

9 ~PlotRealPole~i] ici:t
,PlotlmagPo ei:1 6 :3);

LineCount := LineCount + 1;
end
wriieln list);LineCount :=LineCount + 1;if Line oun t > 50 then
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begin
writeln( list, chr( 12));
LineCount := 0;

end;
variable gain:=variable_gain+deltaGain;

end;
end;

until ch in ClQ','q'];
EnterGraphic;
swaps reenclose~list 3

end;

egn 1;(Root Locus Input handler driver)
1- '5506NO1001-010101';
2-= '5508N01002-010103';
P-.= '1512N00503-010101';111fl= '1513NO0504-010103';
Pi-:='1514N00505-010101';P :=1 515N00506-010103';
P[71:='4517A00207T010101;

Clrscr; TextColor lightblue)
writeln(' ** ROQT LOCUS PLO'tTING PARAMETERS **)
TextCol or(Yellow);

writeln ;wr iteln wr iteln;
TextClorJgreenY-
writein('nput StARTING value for the variable
writeln gi:)
writeln 'Input ENDING value for the variable

gain:');
TextColorjyellow) ;
writeln; writeln;

writeln TextColor (gr en);
writeln~ 'X-Minimum:'I
writeln ( X-Maximum:I
writeln ( Y-Minimum: 'I
writeln( 'Y-Maximum: I) writein;
writein ('Positive or Negative Feedback? (P or N):');

Input_Handler('N0107',E foaNWpnpts

writeln writeln;
writeln 'Any changes to these iparameters?
Input('A',I '45,19,2 true,F1,F)10)
If answer=,Yl then input Handler 'CP107',sap)

Tprompbs for changes) ,sap)
Val(fi var[1] StartGain code);

~conye s input shrings into numeric values)
Val (flivar L21 ,EndGain c de);
Val ( fffff iliiiivar L31 ,Xmin,code)
Val (filvar [41 ,Xmax,code)
Val (filvarL5- ,Ymin,code)
Val ilvar [6] Ymax,code);

If copy(filvar[7],1,1) <> 'N' then
Neg feedback :=false

else Neg-feedback :=true;
INITGRAPx ICi(define values: for graphics routine)
NICEAXES( xmln,xmax,ymin,ymax,'');
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Sharacteristic equation(A1A size,dencoeff);
calculate den~oeff -2'rom the plant matrices)

ri=1 to size do
calculate numcoeff from the given plant matrices)

end;
for jj:=2 to size do

fori i:=1 to size doI

kk =j+I;
PSI~ij J :=dencoeff~kkl] *B~i,l];
for l:= 1 to size do

SI~ijl:PSI~~i]+A1A[i,l] *PSI[l,kkl];

edend; *
for i:=1 to size do
begin

nuu~ce~eff[iJ :=0.0;
for j:=1 to size do
begin

numcoeff[i]:=numcoeff~i] + PSI[j,i] *C[1,J];

end;
end;
for i:=1 to size do
begin

S if numcoeftmJ <> 0.0 then goto 1;
end __

1:sIzezer s:=m-1;
? lculate the zeros of the system)root finderksizezeros,nurncoef ,realpartzero,

imagpar tzer o, one;

gain:=numcoeff Lsizezeros+1];
(convert highest degree numerator coefficient into 1 .)

for i:=1 to stizzeros+1 d
numcoeff i] d=um ofi/a

For I:=l to sizeZeros do
Befin

PlotZero[I:1] : RealPartZero[I
Plo Zlerl 1,2J ImagPartZero[LI];

end; 1for
Case size eros of

PotZero [, :PlotZero [1,2 j

PlotZero L, :PlotZero-L 1_;
PlotZero 32:PlotZero L1 ,2
NICEAXES(xm. ixrax,ymin, ymax ,jDrawPolygon( PotZero,1,-3,-3,3,~

end;
2: begint

PlotZero F3,1] :=PlotZero[i ,iJ;
PlotZero 3,2] :=PlotZero 1i,2;
NICEAXES~xmnn xmax ,ymin, ymax,'
DrawPolygon(PiotZero,1,-5 -,,5

end;
else
NICEAXES(xm n xrnax ,ymin,.ymax,'')
DrawPolygon( PiotZero,1 , szeZeros,-3,3,0);
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end; (case)

Variable Gain StartGain;
Delta~aiTY := (EndGain-StartGain)/50-

divide gain to plot 50 pointsi

For J:= 1 to 50do
(calculate and plot 50 points per graph)

Be.~in
~oldPoly := dencoeff;

If Neg Feedback then
For 1:7= to Si zeZeros+1 do

HoldPoly1II]:= HoldPoly l] +
(gain*Variable-cain *numcoeff[I])

else
For I:= 1t SizeZeros +1,d7

Hold~olvLI := HoldPolyI+
(ain *Variable- ain * numcoeff[I]);

* RootFinder(size HoldPoly,PlotRealPole,
PlotimagPole, ,ne)

For I:=l to size do
(fill plotting matrix with poles)

Beo{tPole E11: PlotRealPole []
PlotPole[I,2] PlotlmagPole LIi

end;
AxisGlb :=true;
Case ize of

fartificially fj1.1 plotting array if fewer
0 than 3 points)

1 : efin
Plot ole 2,1] :=PlotPole [1,1]
PlotPole L2,21 :=PlotPole L1,21
PlotPole L3,1 J:=PlotPole L1,1.;
PlotPole I3,2] :=PlotPole L1,2J
NICEAXES xm n xmaxiymin ,vax,')DrawPolygon(PlotPole,1, ,-i.3,

end-
Plt:l r 1,1

2: F le3,1:=Pltol I~
PlotPole13,2] PlotPole L1 ,2
NICEAXES(xmin xmax ymin, ~max
DrawPolygon( PlotPoie,i ,-3, t1,,05

end;
else
NICEAXES(xm .n xmxymin,. ze ,14;)

asD awPolygon' PlotPoi~lsi'e,end (cases
variable gain:=variable_gain + Deltagain;

end;

Repeat until KeyPressed;
quit := false;

repeat
Graph Menu( 'Root Locus' DuMpraph., uit);

If (calls print/tit 1e menu
IfDumpGraph then PrintGraphData;

until quit*
LeaveGra p hic
Assign(g1otfile, 'plot.com'); (re-execute plot.com)
Exe utek(plotfi e)

end. ?root-locus
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Program Roots;
,abel 1; ~.label decleration for goto statement)
41I Typedef.sys)

TYPE
ary4 = array [1i.111 of' real;

vrary6 = arrayL 1..21 Jof integer;
posCounter,i,j,jj,ickl m 1
cnpoles sizezeros,one: Iieger;
dencoefl', numcoeff ,cdencoeff: airy4;
real partzero,imagpartzero
creaipartpole,cimagpartpole : ary3s;
PSI .aryls;

plotfile :file;
gain :real;

($I Pol nom.inc)
I$ RooTfind.inc}

BEGIN
ClrScr; one:=1;
Characteristic equation(A1A,size,Dencoeff);

* for i= t sZe do1PSI i sizeJBi

for jj:=2 to size do

for i:=1 to size do
beiin -jl

k 1=j+1;
4 PSI i jI :=Dencoeff~kk1j B[i,1];

for 1: = to size do
SI~ij]:PSI~~j]+AlA[i,l] *PSI[l,kkl];

end;
end;

end;
.4for i:=1 to size do

beginc
Numcoeff[i] :=0.0;
for J:=1 to size do
becoeff[i]:=.Numcoeff[i] + PSICJ,i] C* ,]
end;

end;
for i:=1 to size do
begin

m: =size- -
if numcoefftmJ <> 0.0 then goto 1;

end-
1 :sizezeros:=m-1;

root-finder(s izezeros,Numcoe'realpartzero,
imagpartzero,one)

fain:= Numcoeff~sizezeros+1;or :=1tosizezeros±1 do
bem oeff~i] := Numcoeff[iJ/gain;

end;

for i:=1 to ma~o~der do
CDenCoeff i] := 0.0; (initialize)

for i:=1 to Si~ze eros + 1 do
CDenCoeff Li] : Numcoeff[iJ gain;
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for i:=1 tofie + 1 do
CDenCoeffiY>= CDenCoeff[i] + Dencoeff[i];

f Size > SizeZeros then CNPOLES=Size
NPoles should always be greater

else CNOLES:=SlzeZeros;

(compute new denominator roots)
rootfinder(CnpolesCDenCoeff CRealPartPole,

CImagPartPole,one);

ClrScr; textcolor(lightblue);(on-screen titles)
writeln(' *** Plant Characteristic Equation

Roots ***' "*
writeln writelnhighvideo
writeln 'ROOTS O THE NUMERATOR: );

For I:=I to SizeZeros do (position for output)
berin

PosCounter := (I mod 2)
If PosCounter = 1 then writeln;

LowVi leo, {write zeros,
write('s ,, I = ',Real Ptrieroj]:10:3,

+j ',ImagPart ero I .10:write('')

end;

writeln writeln; Hi~hVideo
writeln'ROOTS O THE DENOMiNATOR: ');

For I:=1 to QNPoles do
begin {comoute on-screen position)

PosCounter := (I mod 2) ;"
If PosCounter = 1 then writeln;

LowVideo; .u,
1write(,s[',I,'4 =g'.CRealPRTPOLE[I]:10:3, -

+J ,C mag RP OLE : 10: "write('
end;Mfr) 

_

HighV, deo;gotoxy(1,24;
write Press any key o continue or [Shift] [PrtSc]

for hardcopy.';

(check keyboard buffer for value change.
If number changes by 1 or 2 indicates that shift,,key
depressed. If so, then remove "Press any key
prompt from screen so it won't print to printer
keyold := mem[0000:1047]; noterased := true;

key pmem[0000:104 ]

if (ekeyold + 1 Or (key=keyold + 2)) and
(not erased) thenbegin -

GotoXY(1,24); write(' ':80);
not erased := false;
end-T

Until KeyPressed;

Assign( lotfile, 'Plot.com');
Execute plotfile);

end. (irogram Roots)
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Program Matrix_-Manipulation(input,output);
iTypedef SYS){~ I Box. INC

vI Ut-mod0l .INC)
help3file inversefile,determinfile,
Polynomfile,eigenfile :file;

Procedure Matrix-mathematics-menu;

vriTab : Inte er
Okchoice : Set Of 6har
Finished :Boolean;

Procedure MeutmPc:hrDs pion :Str80;
Color: Integer

Write( ta, ) TxM r white);iWrjte(pick);

Wriin;
Write Tein;ht) Fnshd: Fle

BWrite ** TRn-THMTCSMN
feoor (wh te); doX (40,22T );

Repeat yllw)

Opitin;

MensteVy:: eterminfil3 eterincn')

betolr eengPlyof1),'oyomcn)

Texolrend e) oyomil (4,2)

'': bein
bessigy egernfil ,eechn); '

end- gnfl
'II': be ( in

ssg~invr3Fil ,he3.CHN');
Chan ne eFile
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IQ': begin

%~sign( $vsFile,'svs.COM');
Execute(SsFile)

end
End; {cas e

End;

Begin (main program)
lrcr;

Rege at

~atrixMathematicsMenu;
end;

Unt ii Finished = True;
End. main program)
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Program Matrix Deterrninant(inp totpU)
label 10;labeiV20;label 30;label '40;l abel 50;label 60;label 70;label 80;

~I U -mod0.IN
($I Boxuser.INC

var
matrixfile :file;
list : text;
counter i,j,ii,k m,n,even :integer;temp value value~det,det correction,
determinantold~deternin-ant :real;Al : aryl1s;

Begin
counter := 0;
Boxuser-
for i:=i to size do

Be.'orin to size do

End,
End;
for i:= 1 to size do
Be~in i.

36:it A1[k,iJ <> 0.0 then goto 10;
if (k-size) <= 0.0 then goto 30;
10:o 4 (~k) > 0.0 then goto 40;
If ( i-k) 0.0 then goto 70;
for m:= 1 to size do

Al LiTmi :=Al[k,mj.
Al Lk,mJ :=temp_value;

End;
counter:= counter+1;
70: ii: =i+l;
if ii > size then goto 20; 5for M:=ii to size do
Begi 

*,
if Al~mirn ,. thgto 0value:=Al~i Al A1i,~ 80
for n:= i. to size do%
Be in
Xltm'nJ:= A1[rn,n] -Al~i,n] *value;

End;
80 :End;

20 :End;
det:=1 .0;
for i:=1 to size do
Begin

uet:=let * A1[i,i];
End;
det correction:= exV( counter *LN 1 )det'Crrminant old:=de creto
even:= counter mod 2'
if even <> 0 then goio 60;
determinant := determinant old;
goto 50;6 0 :determinant:=-determinant-old;
goto 50;
40: determinant: =0.0;
50 :clrscr;writeln;Ttcou%,uLuo(yellow);
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Writeln('The given matrix is ';writein;

for i:= 1 to size do
Begin .

for j := 1 to size do
e~rite( ' ,A 1A i j :1 1)

End;Writeln;
End;Writeln ;Writeln;
Write( The determinant value JI s:)
TextColor (hite) ;writeln( determinani);

keyread(key,keyold,not erased);

Reeat
Eox pri ter gotox v(58 15); textcolor(yellow);

gotoxy 1 25 *write

if c- )o~r(ch='f') or (ch='P') or (ch='p')
the begin
if (ch='F') or (ch='f') then
begin otox (51' clrrd
write('PINTI b...., 5

Assign( list 'Determin.iRES');
Rewrite ( s1)

end
if ch='P') or (ch='p') then
begin

otoxv( 45,13);tetoo~e,textcolorPrecT;
Assign( list 'LST:'5
Rewrite ( isi)

end;
writeln(list 'DETERM4INANT

writen us ESULT
writein list iThe given matrix is:');
writeintlist5;
for i:=1 to size do
be in

for J:=1 to size do
beginpI
edwritel n Iii t);1

endiwiten,1ist)- ;writeln(iist ~i
Wri-Le RtThe dete-rmina nt va~ue i
writeU lt determi,,,.nt );)
write n iIt) writeln.list)

end;
Until ch in ['Q','q'J;
Assign( atrixfie,'natr:x.
Execute (matrixfile):

End.
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?r ogram Mt inverse(input,output);

E3 Boxuser.inc)
type ary4 = array [1::111 of' real;

ary6 = array [1.21 Jof integer;
var

matrixfile :file;
list :text;

jolynom coeff :ary4;
AinversW :aryls;,
singular ,step, stepper : integer;

Invrei Polynom inc

begin
clrscr* Boxuser; singul ar:=0;
characferisticequation( A1A,size,Polynom-coeff);

inverse-find-Matrix(A1A,polynom coeff sl~e An verse,
clrscr; textcolor(yelTOw'31 cesua)
writeln( 'The given matrilx is: '); writeln;
for step:=1 to size do

fPstepper:=1 to size do
begie( ,AlA~step,stepper]:11);

end;writeln;
end;writeln;
if singul ar=1 then
writelnt'The matrix is singular.')

else

begin
writeln('The inverted matrix is:');writeln;
for step:=1 to size do
ber~ stepper:=1 to size do
begin

end;writeln;
end,;4

end;

keyread(key,keyold,not erased);

writeln "I ERE ES1;goo

write(',go

if (ch=VP' or (ch='f') or (ch='P') or (ch='p')
the iibe
if (ch='F') or (ch='f') then
begin

gotoxv 5t15 )textcolor(red);
write~ PR NTIG ........

end;

ifg(ch='P') or (ch='p') then
begin .
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gotox 5131textcolor(red);
writePRN G
Assign( Jrist 'S:3
RewriteHMis-L)

end 
.

writeln(list,' ESL MATRIX INVERSE

writeln( list)-
writein list,;The given matrix is:');
writeln~ lst ; ied
for step:=1osied

oer3 stepper:=1 to size do
begin
write list'' ,AlA[step,stepper]:11);

end;writej n(Iis
endiwriteln (list), ;witeln(list);
begin

writein (list 'The inverted matrix is:');
writeln( ist);
for step:=1 to size do

ostepper:=1 to size do
begin

write(list.,'1
Ainversj[step,stepper):10,' )

end;writeln (list)
end;

end-

end;
Until ch in ['Q','q'J; .

Assign(znatrixfile 'matrix.com');
Execute ( matrixfile;

end.
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rogamMatrix Manipulation( input ,output);

HIU rodO -IN }{$I Boxuser.inc)
type ary4 = array [1..il] of real;

ary5 = array Li. 21i of' real;
ary6 = array L11..21J of integer;

vrmatrixfile :file;
list :text*
c2 C1 :ary4 ;
Real Part, ImaginaryPart :ary3s;
i,j,one :integer;

I Polynom inc}IRootfind-inc}

begin
clrscr*Boxuser;one:=l;
characieristic_equation(A1A,size,C1);

root Finder(size Cl Real Part,ImaginaryPart,one);
clrs-Cr; Textcolort~yeilow)
writeln('The given matrix is:');writeln;
for i:=1 to size do

bori ~J:= to size do
begin

write( ' ' ,A1A~i,j]:11 );
end;writeln;

endiwri teln;writeln;
wri feln( 'The eigenvalues of the matrix are: 4Rwriteln(' IMAGINARY PART'); REAL FR

for i:=1 to size do
begin 1 

)
write: RealPart~ij:3);
write~ ImaginaryPair E]3 3 wien

end;

keyread(key,keyold,not-erased);

Repeat
box printer motoxA~58 15);text olor (yelow);

wriel 1E±EN.RS"' 5; gotoxy? 1,25)
write(

if(h107o (ch-'f') or (ch='P') or (ch=''
the n beg n
if (ch='F') or (ch='f') then
begin

wrtePNT NG......

end
if (ch='P') or (ch='p') then
begin

gotoV4R13 ;textcolor(red);
write' P'( NTG.
Assign( list 'LST:'1
Rewritel(list.);

end;
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writeln(list,' EIGENVALUES

writeln( list). ESL
writeln( list The given matrix is:');
wr iteln( list 3
for i:=i to size do

or~i J:-1 to size do
begin

endiriel (list) ;writeln(list);

The eigenvalues of the matrix are:
writeln(list,' REAL PART'

IMAGINARY PART');
for i:=1 to size do I

begin
write (list,
write (listRealPart[i]:10)i
write list' I) +

write ln list)
end-
wrilej)n( li st);writeln(list);
close (list)

end;
Until ch in ['''''P','p','Q','q'J;

Assign( ~atrixfile~ynatrix.com'); '

Execut~matrifile)

end.
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rogra~m Matrix Chrcteristic-Equation(input,output);

II Boxuser.inc
type ary4 = array 11i.ii of real;

ary6 = array L[1..21 Jof integer;

var
matrixfile :file;

cilist :text; :r4
i 'j vertpos,horizpos,poscounter :integer
exponent :stringLf];

($I Polynom.inc}

begin
clrscriBoxuser
charac erl~tic eouaation(A1A,size,C1 );clrscr;
Textcol ryl~)wrteln;
writelthegiven matrix is : );writeln;
for i:= 1 o size do

or~i J:=1 to size do
begin

write( ' AlA~i,j] :11)
end;writeln;

end writ eln;writeln-
writein ('The characfe r stic polynomial of given

matrix is:')
vertpos: =size+7;
for i:=size+l downto 1 do
be in-i

poscounter:=(j mod 4) +1;horizpos:-poscounter * 14;

if poscounter = 1 then vertpos:=vertpos+2;
if i<>1 then
begin

got XYhorizpos-l0,vertpos) write(C1[i):7:4);
str ti-1: 2,exponent 3;
msg (exponent,horizpos+l vertpos-1);

end
else
begin
en toXY(horizpos-10,vertpos);write(C1 Ci] :7:4);

end;

keyread(key,keyold,not-erased);

Re~g~t terotoxy J8, 13);textcolor(yellow);
writelnY 'PYNOM.RS'')

gotoxy, 5 write($

if ~h=F or (ch='f') then

gotoxyN4515;textcolor(red);
write( PRINTIG....
Assign( list,'Polynorn:At§');
Rewrite lis{)

end;
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if jch='P') or (ch='p") then

gotoxM;4513)*textcolor(red);
write~ P iNT IAG.
Assifn( list,;LST)
Rewrite ( is6)

end*
writeln(list,' ESL POLYNOMIAL

writeln( list)ihgiemarxs:)
writein (list ~h ie arxi:)
writein (list)-
for i:- to size do
befin

?or J:-1 to size do
begin
wri te (li st ,A1A~i,jJ:11);

end;writet 1niijt)'
endiwriteln~ list) ;iteln list);
wri e(iist, The caracteristi polynomial of

given matrix is:');
writeln~list P ? Descending power of S)')
writeln list ;
for i:=size+1 downto 1 do
begin

write(list,Cl~i):7-4,' ');
str (i-i :2,exponent5;

endo
wriiejnjlijt);writeln(list);
claose 1 st)

Until' ch in E'Q','qi];

Assign(roiatrixfile, 'matrix.com');
Execute (matrixfile)

end.
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(Program type and variable definitions)
($I Ut-mod~i . lNC) {in put utility programsi

type Aryl = Array~l..li,1..11J of real;

vrStepping,Steps step,stepp ings,
Ternp 1,Temp2,valuei,value2 m,mplus,
last rank,k~valueiplus kpius :integer;
new Mfatrixi ,new-matrix2 : aryl s;
big-matrix :aryl;
list : text;

tIcontrol incl (finds controllability result)u Boxuser~inc)
egin
valuel := 1; valv~ei plus=- valuel;
ClrScr; Textcolork yellow);
Writeln( 'The A matrix is : ');writeln;
For steps :=1 to size do

ostepping := 1 to size do

§rnieil ,AlA~steps,stepping]:ii);
End; Wr 1.teln

End-wri teln;writelnixi
Writeln('The B Matrx is: );writeln;
For steps := 1 to SIZE do

oer~ stepping:=i to ni do

bet t(; ',B~steps,stepping] :11);
end;writen;

End;writeln iwriteln;
For steps:-i to size do
Begin'.4

.or stepping :=1 to ni do
Begin
new-matrix2[steps,stepping] :-B[steps,stepping];

new-matrixl[steps,stepping] :=B~steps,stepping];

End;
End; mplus:= size-i; value2:=valuel;
For steps := 1 to mplus do

Bgnmatrix-multiplicationi(A1A,new matrixi
new matrixi size,siz'9 value25;

step :=valuel +1; valuei := valuei + value2;
For k 1 ito size do

cstepping :=step to valuel do
Begin

steppings :=stepping-tep+1;
new-matrix2[k,steppingJ :!

new matrixi Ek,steppings];
End;

End;
End;
For steps :=1 to size do
Beor stepping:=i to valuel do
BeginN
biR mtrix~steps,ste ping] M=

new matriX2 Lsteps,stepping,;
-End;
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End; mplus:=1;
For steps :=1 to size do
Be§rix reduction(bi~g matrix,mplus,size,last-rank);
mplus T= last-rank +1;

End*
If' last rank = size then
Writeln('The system is controllable. ');Writeln;
If last rank < size then
Writeln-('The system is uncontrollable. ');Writeln;
valuel1:=valuel plus;
KEYREAD(KEY,KEY OLD,NOTERASED);
repeat
box printer* otoxy58 )3;textcolor(yellow);
wri tel( ,CTROL. ES"1)

got254 write('

I r ch='P'' or (ch='f'') or (ch='p') or (ch='P')
then ~ei

If j9h=7F1) or (ch='f') then

gotox 5 5) Textcolor(red);
writeT ) INtING.....
Assignt ist 'control.REk§;);
Rewrite lis{);

End*
Ifj(ch='P') or (ch='p') then

egntx .3NTextcolor(red);
Assign 's LST.'5:.
Rewrite lisL)

End*
Writeln(list, I'ESL CONTROLLABILITY

Writein(ls)
Writeln list iThe Plant matrix A is:
writelNlist)
For steps := to size do

or steppin 1 to size do

rite~l',AlA~steps,stepping]:11);
End;Write n Liit l lit)

End Write 1nls ;tW41tl~it
Wrifieln( list 'The input Matrix is:
writeln( lst)
For steps :=Ito SIZE do

Beri stepping :=1 to ni do

rite~liB[steps,stepping]:11 );

End Writeln( list) ,Wiiteln(list); 1
If' last rank = size then
Writeln(list,'The system is controllable.')
Writel1n,
If last rank < size then
Writeln-(list,'The system is uncontrollable. ');
Writeln,
writel~n~ WVt);writeln(list);
Close (list)

End*
Until ~hin f'Q','q'
Assign~ vsFi.Fe,'.ssCM)

End.

*10~3
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FILE: OBSER.PAS Program Listing Page 1

Program Observab ility(inyut,output);
label 1;label 2;label 3;label 4;

($I Typedef.SYS} (program type and definitions)

type Aryl =Array~l..11,1..11) of real;

var
stpping,tes step templ,temp2,:add no,value2,last_rank :integer;

matyrix : aryls;
matrix matrix : aryl;
list - : text;

I Boxuser.inc){ I Control.inc Y
II Ut-mod0l.inc} (utility input routins)

~lrScr; Textcolor(yellow);
Writeln('The Plant matrix A is: ');writeln;
For steps := 1 to size do

oer~ stepping := 1 to size do
.1~ Begin

rie'.AA1tp~tppn]1)

End;Writeln;
End;Writ eln;writeln;
Wri~eln( 'The outputMatrix C is : ');writeln;
For stepping :=1to no do

oer~ steps:=1 to size do
begin

edWrite n; ,C[stepping,steps] :11);
end -
wr i-eln ;writeln;
add no:=no; value2 :=1;
For-steps:= 1 to no do

~or stepping:=1 to size do
Begin
matrix-matrix[steps stepp ing]: n~p~J

End;
End;
4:matrix-reduction(matrix matrix, dd no,

size 1l1st rank);(calculate the rank of the matrix)
If last rank < size then GoTo 2
Writeln('The system is observable with index '

KEYREAD(KEY,KEYOLD,NOT_ERASED);
GoTo 1;_

* 2:1±' val ~e2 < size then GoTo 3;
Writeln (The system is unobservable. )

* KEYREAD(KEYKEYOLD,NOTERASED);
* Writeln~oTo 1 _

3:value~ := vaiue2+1;
matrix-multiplication(matrix,A1 A,matrix no,

size size)
(multiply the A and C matrices

For steps := 1 to no do
Begin

step:- last rank + steps;
for stepping:=1 to size d
Begin

104
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matrix matrix~step steppin~J=
End;ttesslpin]

End;
add no := last-rank + no;
GoTIC 4.;
1 :repeat

Boxpri terLotoxi5815);Text?olor Yellow);

f ,or (ch='p') or (ch='F') or (ch='f')
thene i

IP ch=' F) or (ch='f') then

Betoxn 5t15)*textcolor(red);
wrie 4 t lobNG.RES,5:.

Assign tpri ervab {lity outputYF
Rewrte~ st, tofil onthecurrent drive)

End-
If jch='P') or (ch='p') then
Begin ())

writ e T IRINtING . ....
,Assign list, 'LST: '15....(rint observa~ ility result to the printer)
Rewrite (list),

End-
Writeln(list,' OBSERVABILITY RESULT ')

Writeln( listy Writeln(list) A
Writeln list The Plant matrix Ais :');
writein Mfl)
For steps : to size do
Begin

For stepping :=1 to size do '

EndlWri eln (list) Writeln (list);
Wri eln list,'The Output Matrix C is:
writeln~lst);
For steps:= 1to no do

or~ stepping:=1 to size do

end;write Jn~ ii~endiWriteln(is )' Wieln(list);
if last rank = size then
Writeln(list,'The system is obseryable with

index ',Value2, .')

If (valuT2 >= size ) and (lat rank < size), hen
Writeln jlis~ 'The sy tern Is uffobservable.')

Close (list);
End;

Until Oh in ['Q','q' J
Assign(Svs 'ile, 'svs.COM');

Executr(S-execute SVS main program)

End.
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~roram Luenberl observer (input ,output);

~ Ut-mod~l INC }
$Ut-mod02.inc

label 940;label 960;label 22;label 28; label 950;

ary2 = array 1..10] Of r real
ar ,2 = array 1..3013 relary3 = array 1..30 of real;

ary4 = array .1..11 of real;

Var ary6 = array 1..11]f negr
rrl rim ooo,oooo :real;
i,NRi,l :mm nrm nrp,ixx,Jxx,s one,
nrn nr r rp~k ,-,o,umran,ii,J3i,
code ,vertpos ,horizpos ,poscount er : integer;,
h,ajtie :aryl;
coe loef,desired-feedback :ary4;
if:ays
beta,x :aryl ;
yhi u .ary2;
lis- : text;
strg,exponent :string[2];
change :boolea2 1specification : stringL)
Realpartvalue, imaginarypartvalue : ary3s;
temp ,inputtype : char;

($1 Ut-mod03.inc)

*($I Luenberg.inc)

SI Pole.inc}
I Rootfind inV}

II Boxuser.inc

Beo'in
~lrScr; luen:=true;one:=1;
for i:=1 to size do

for 1-=1 odo
E[E. :=B(?1;

gotoxy.1 22)-
invvidaeoV'Press (ESO> to change it!,
fotoxy(1 2)nviaojhW1 U VC~p yo r in p twth <ENTER> key')gotoxy1 1) x olor 1 lihtblu;
write nO *** Lue berger Observer Design

~aramtr
* ~writelnw=--------

TextColor(yellow);
* msgk'Input degree of observer (10 max)' ,1,5);

Repeat
in ut('NT' ,0 3treF,1)
VaYanswer r code),

if r>10 and r 1)then beep(900,350);
until (r <. 10) and( r > 0);
rp: =r +1;
msg('Input the Desired Feedback Coefficients in

ms(Factored <F> Form ) 17
msg~~l or Coefh~cient <C> Form ',1,8);
nut'A','C' ,64 7,2rue,F1 ,F10);

temp: =copy( answer,1,1)
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if not (temp in ['F','C']) then beep(900,350);
until temp in [I CI1
inputtype: = temp; v

Case inputtype of%
'F' :begin

if change then
for i:=1 to size do
begin

str, realpartvalue~l 8-2 Filvar[2*i+9]);
str~mgnrprviit :82

end-;la[*+0)
inputFactored( 'POLES' ,size RealPartvalue

ImaginaryPartvalue5;
end;

'C' :begin
if change then
for i:= 1 to size-i do
betr(Desirfeedback[size-l-iJ :8:2

end; Filvar[size+2k-i]);

input-coef( 'POLES' ,size-1 ,Desired feedback);
end;

end;ClrSQr-Writelngotoxy(1,22);
invvideo('t' ess <E C> to change it!,
fotoxyl2

invide~ 'n tpe oirj input with <ENTER> key ')
§otoxT?( Tx (ightbluej
Writel n(I* Luenbe rger Observer Design

jnput P rameters **)
textcol,=yl ow
writel--------------------------')

tex color(green);
msg( 'nput observer Fhaactredt ~lynomial5

msg(' or Coefficient (C Fori ,{,6);
repet

input('A',' C ,65,5 2,t ue,F1,F10);
temp:= opy( answgr11)
if notemp inL'~" 'C ) then beep(900,350);

until temp in FFC1
if temp = 'C' ihen goto 950;

if changetthen
for i:= to r do
begin

str (realpartva..lueJ :82f~la *i? +0)str (imaginarypartvaiuetij .:, 0],;
end;
input Factored( 'POLES' ,r,RealPartval ue,

ImaginaryPartvalue);

Polynomial of roots(r,Realpartvalue,
Imaginarypartvalue ,coef); GoTo 960;

950:if change then
for i:= 1 to r do
begin

str(coef[r-iJ:8:2,Filvar[r+22-i]);

end;

input coeff( 'POLES' ,r,coef);N
root_finder (r ,coef,realpartvalue,,oe)
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ClrScr ;Writeln;Writeln;
Writeln('The observer eigenvalues are
Writeln(' REAL PART IMAGINARYlPRT').
for i:= 1 to r doBe§,in

rit@(l ' ealpavtylue i]1 : !3, + ,
imaginarypartvalueti1:.10," 1 1 ; Writeln;

End ,
Writeln;Writeln;
Writeln'The Observer characteristic polynomial

coefficints in ascending powers of S');Wr it eln

for i:=i to rp doBeuin__Brite(coef[i]:10 '

End; Writel ;Writein;
960:KEYREAD(kEY,KEYOLD,NOTERASED);ClrScr;
for i:= 1 to 30 do
Begin

for 1:= 1 to 30 doBegin

End ;
End;
for i:= I to r do
Befltn

] := 0.0;

for i:=1 to r do
Begin

for i:= 1 to r doBe in

TE[iJ := 0.0;
E d;

1.-C0EF[rp-ii = :then soto 2,

Fii+1n := 1.,28: End;
for i:=1 to 20 do
befin

End;nr := size * r;
for i:= 1 to nr do
BeginBETA[i] := 0.0;
End ;
nrp :=nr+1 ;
nrn :=nr +size i ed
for i := 1 to s o

Bein

Be, BEsTA[nr+i] := desiredfeedback[i];~~End; -
for i := 1 to r do

Begin"" := size *(i-1 ) "
for 1:= 1 to r doBe in

J:'=k s i z er * ( 1 - 1 ) ;

:= 1 to size do
BeginPHl[ii+k,JJ+k] ::-F[i,l ; "End;

End;
End ;.,
for ii:= 1 to r do' 108
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i,-= size;
for 1 :=1 o size do

or~i k:= 1 to size do
Bef~in

PHI[i+,iikJ : PHI[i+l,i+kJ+ A1A[1c,l];
End;

End;
End;
for ii:= 1 to r do
Begin

1 : size * (ui-i);for 1:= 1 to size d
f~l7nr~~i~l :=H[ii];

End;
End;
for i:= 1 to size do

oeri 1:= 1 to no do

End;
End;
nrm := nr +no;
for ii:= 1 to rdo
Begin

i:= size * (ii)
t:= nrm + no ~i-)
for k:= 1 to no do

or~i s:= 1 to size do
Bei~

End; C1~J
End;

End;
mm:= r* (size+no) + no;

Boxuser;
TextColor(white);
linear_equation( PHI ,NRN,MIM,BETA,X ,K,U);

for ii:= 1 to r do
Begin

1.:= size*(-)
AJ iiJ :0. 0;
for o := 1 o size do
Beiiy =J~i] +E[o] *X~i+o];

End;
End;
nrl := nr+1;
ClrEcr;Writeln;Writeln;textcolrylo)
Writeln('The F Matrix is : ' ) ;riTe'ln;w
for i:= 1 to r do

Bein,

write( ' F~i ,o] :11);
End;Writeln;'

End-U
KMYEAD(KfY KEYO PD,NOT ERASED); CrScr;Writelni
textcolor (yelow), rit'ln( 'The Gil Matrix is
Writel n;
for ii:= 1 to r do
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Begin
i:= no * ( -i) + nrm;
for o:= ito no do

rite(',X[O+i]:11);
End;Writeln;

Endiwritz1ng;riteln V
Writeln( 'The G2 Matrix is : );Writeln;
for i := 1ito r do

BEn

KEYEADKEYKEYLD,NOT E.RASED);
ClrScr;textcolor (yello'W) ;Wr iteln;
Writein ('The output feedback Coiffi~ients are

(Ascending powers of S ):' ;Writeln;
for o:= nrl to nrm do

rite X[oI:11);

En 'l$ heccompensator feedback Coifficients are

;fascend c'npower s of S)
writeln for i:= tor do

End rt( ,~]1)
KEYAEAD(KEY,KEYOLD,NOTERASED);

Box rintr~tetcolr~yelow) ;gotoxy( 58,1)
write( '"LUE BERG RS'l 1i; 1)

(ooy1 25I write( I)

if ch=' P' cr (ch='p') or (ch='F') or (ch='f') then
fBegn Fl or (ch='f") then

- 1xT 5) ;jTextcolor(red);
write (PRINTING.......
Assi n( ),s luenberg:RES');
Rewritet(istt);

End*
if jch='P') or (ch='p') then

egotxV 13' textcolor(red);
write PRINTfNG'
Assi n( .it'S:)...
Rewritej(list);S

End*
Writein list 'LUENBERGER OBSEIVER RESULT')
For i:= 1to do writeln(list;
Writeln~ list IThe plant matrix A is:
for i:= t sz do
Befin

~(or 1:=1 to size do

Bein
fritl:=i to 1 do ~ ]:1

End;Writet
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End-Writ eln(1 ist);
EndiWri en (list);
Wri eln (list 'The output Matrix C is:');
Writein (list);
for i:= 1 to no do
Begin

for 1:=1 to size do

End writeln(l ist);,
End&Wri 6eln(list);
Wriieln list,'The destred feedback Qoefficients

are : ' );Writeln( list);
for i:=1 to size do
Begin

for 1:=l to 1 do
r ite~is jst,desired-feedback~i]:11);

End Wri -eln(it
End;Wri en (list);
Writeln( listThe observer eigenvalues are:
Wri-teln( list,'REAL PART IMAGINARY PART)

V for i:= 1 to r do
* Begin

Wrie~lst,',ral~~tvlueil10,'I +
i ma in ryprvalue~ 1, ienls)

Endari teln(ls)
Writein (list. 'The'Observer characteristic
polynomial coefficints in ascending powers of S');

* Writeln l ist);
* for i:=i to rp do

Begin

Wri- eln list''The F Matrix is :);Writeln(list);
for i:= 1 to0r do

* Begin
for o:=1 to r do

End&Wri telnd jist),'
'5 Endarifeln (list)

Wri eln list 'The Gi Matrix is : );Writeln(list);
for ii:= 1 io r do

Beii:= no * u-i) + nrm;
for o:= to no do
Be~in
Edr , teln I X[o+i]:11);

End-ien eMist)j;.
Writeln (list,'Th; G2 Matrix is : );Writeln(list);

for i := i to r do
Beg in

Writeln (lst,h ' 'AJ~ll
EndlWrit? n list) ; Ji]i)
Wri eln list,'Theotu feedback cefcet

aire : ';Writeln list)
for o:= nrl to nrm do
Begin

EndiWrin lit)writenlis)
Wr l ist, 'The compensato fetedbac I~t)Wri ~ coe1'ficients are :' ;Writeln ls)

.5for i:= 1 to rdo

Begi



FILE: LUENBERG.PAS Program Listing Page 7
Write(list, ' ',H[I]:11);

End;
for i:=1 t 3 do writeln(list);Close(list;

End-,
Until Qh in E'Q','q'
Assign(SVsFiIe,svs.6M');
Execute vsFile);

End.

1
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rogram optimal control(input,output);
$1Typede±'.sys)

SI Graphix.sys
~I Kernel.sysy
I Windows.sys)
I Polygon. lgh)

II lAxi s.hghy{ ~ Ut-mod0l.INCI 1 /O procedures) 
1~1I Ut-mod02:INC~

I1 Grapmenu.inV){ ii Boxuser.inc)
abel 2;label 3;

const '

vxarray string[14] ='TIME INTERVALS';
GTNYE 1..:80] of'r ral

GTN :array L1.10, 1.80 oli real;
PSI P1 D3 D4,FI,Q,gamma :aryls;
D2 b1 6T I:ary3s;

rapharray ,grapharrayl :plotarray;
lumpgraph,quit :boolean;
list : text;
an s : char;

($I Optimal.inc)

Procedure PrintGraphData;
? this procedure dumps optimal result data to printer)

Beatin
reaveGraphic*Clrscr* Textcolor (yellow);,Center( ** PRO AM 6UTPUT OPTIONS ' 110,80);
TextCor 1 green;
msg('Pres <P> Print results to the printer ',1,12);
msg I <F> List results to file name

"OPTIMAL.RES" on the current drive',1,13);
msg('I <Q> Quit ',1,14);
re:)eat(

If' ch ='IF) or (ch = 'if') or (ch = p')
or (ch = 'P' then

beg in
if' ch - IF') or (ch = If') then

Rewrite list);
end
else
begin

end

Wrifenls)
write 1st)
write nff1i 'OPTIMAL CONTROL RESULT')write n list ;
write ~n list size:2)-
write( 1 st, the number of' time intervals is:');
write n list si:2)2
write( 1 st,' Fhe scaler R is:');
write ln list Ir:7:4)
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write(1 st,'The sample interval is:');
writein list ti:4);,
writein (list)'
writeln( list,i The A matrix is:');writeln(list);
for 1:= 1 to size do

or~ J:= 1 to size do
begin
dwri lis AA~~j1:)

end;writel i
end wtein ist
wriielnlist 'The i matrix is:');writeln(list);
for 1:- 1 to'size do

or~i J:- 1 to ni do
begin

write(li t ''Bll,Jl:l1

en~r lis~)
end elnrit 'h do
fr ie:= 1 to size matrix is:');writeln(list);

or~i J:= 1 to size do
begin

write(lit' ,QlJ:1)
end;writely list)

end* writein (list)
writeln(list,fThe 'I matrix is:');writeln(list);
for 1:= 1 to size do
befin :

or J= ito size do
begin

wri e(li t' ,Fl~l,j1: 11)
end;wri tel list);

end wrteln list
wieln list ' The 6AMMA matrixis:');

writeln (list);
for 1:= 1 to size do
befin

?or J:- 1 to ni do
writ~li ,1,,,GAMMA[l,j]:11 );

end;writel 1ist)
end; writein (lst)

writeln list 'MINIMIZATION OVER ALL STAGES')
write ln(list);
write list,'N stages)');
for 1:-~ to i
write list,' GAIN:',i,' )

writeln list);
write(list,'----------- -for 1: 1 to i do

writeln list)
for J:= 1 to ii do
begin

write(list,' 'J:2,'
for l:=1 to i do
begin
write(listI rprry j,110)

end;writeln( list);' rprayjlJ1)
end;

end;
until ch in E'F,f','Q','q','P','p'];
EnterGraphic;
swapscreen;
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close( list);
end;

begin
clrscr; TextColor(lightblue 1
writeln('** Design ofl Optimal Control

Text col1 (ellow
writel 6 ===== =m === = =====
qotoXY25) ;InvVideo('Press <ESC>kto h ange it!,
he ype your I.nput with <ENTER> key 1

TextCo~ or(green);
Ms g('Input number of time Interva s for SUM

vU aswer ti~code);
Msg 'hat Is yorsample interval? '.1,6);
a a t( s the',3 ~6 trueF1,F10)

v aswer si code5-
MsgT'What Is't aue of scalar R ? ',1,8);
anyvt('N', '0.0' ,3 ,8,6,true,F1 ,F1O)vai answer ,r ,code;

Msg ('or the follow~ing o~ tions WM cost
function do you w~n ? ',1,103

TextColor ( lightmagenta);
Msg('COST=terminal+fue +trajectorT ,or,,
Msg( ICOSTrterrinl+ful y < or

COST-te minal<1 ,,2)
msg( ' ',1;13M;extcolor(yellow)'
msg( 'hre 1,14) tezoo igtaet
msg( '
msg~ I Terminal =1/2 X (N) Q X(N) '116
msg 1 1 175-
msg ' N-i T ,,
msg I Trajectory -1/2 JZ X (k) Q X(k)'19
msg'
msg, N-i T '1,22)
msg~ ' Fuel - 1/2 U (k) R U kV 2
msgl z;',N

Inpyjt('N', '0',65,10,2 true,F1 ,F10);
val aswer ,nterm,code5 clrscr;
writeln('enter the element of Q matrix:')
for i:= ito size do

rei j:=1 to size do
be n ~

wrd =.;*w ri i 6 nt ( ,');write(j);
write' = )readln( Li~ijl

end;writei1 n
end;
RerScr; Writeln
Writeln('The Q Tatrix is :';writeln;
for 1 :-1 to size do

or~l j := 1 to size do

End writeln;
Wriie('Do you want to chr.ngeany element of

the M trix ? YN) ;
Read bd ns ;write 1n

Rlows user to change entered data}
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in(fls ='Y') or ( Ans ='y') then
writer 'Input the row to oha e : );eani;
wrteInput the column to cMange )

r eadln jwriteln;
wtite' ',,,) ');readln(result);
Q ij : =re~ult;

End;
Until Ans in ['i1)ni'
textcolor(whi te;
Boxuser-
FIand 6AMMA(SI,FI,GAMMA)-

(c'91 procedure to cai.culate fi and
TextCol r Kellow); clrscr; gamma matrices}
writeln('Te FI matrix is:
for i:= 1to size do
be in

for J:=1 to size do
begin

write( ' ' *FI[i,j] :11);
end;writeln;

end wri, ten;writeln;
wrieln('Thesgamma matrix is: ');
for 1:= 1 tosze do

for J:= to ni do
begin
write( ' ' ,GAMMA~i,j):11 );

e nd;writeln;end;wri eln;writeln;
keyreadtkey ,keyold,not-erased);
Boxuser-
for i:=i to size do
begi

D2 Li A:=0.O;
for j :=1 to size do
beti,

P1 Plij: .Qti,j];
end;

end

or ~k=1to TI do
be§in:=0;

for i:=1 to size'do

for J:=1 to size do

end;
* end;

for i:=1 to size do
fori J:=1 to size do

t2?i:-D[i]+ DiCj] * FI[J,iJ;
end;
denominator:=denominator + D1[i] *GAMMA[i,l];

end;
denominator: =denominator+ R;
negatif:--1.0*

fori:= tosize do
beUTti]:= negatif *D2[i] /denominator;
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GTbffI,KK] :=GT[I];
D1Li:= 0.0;
D2Li]:=0.0;

end;
for i:=1 to size dobefin

or J:=I to size dobefin "SI[i,J]:=FI[i,J] + GAMMA[i,1] * GT[J];

end;
end;
for i:=1 to size do
befin

or J:=1 to size do
0or 1:=1 to size do

be. i
beMi,j]:=D3[i,j] + PSI[l,i] * PI[lj];

end;
end;

end;
for i:=1 to size dobefin

or J:=I to size do
befinbor 1:=1 to size do

bet4?i,j]:=D4[i,j] +D3[i,l] * PSI[Ij];

end;
if nterm <=0 then oto 2
Pif ir.j :=D4Ji PJ §OtGTji]*GT[jj. joto 3;2 1 G:=D4 4- ] + QLi,J + RU'

3:D4[i,j]:=0.0t
end;

end;
for i:=1 to size dobegin

for J:=1 to size do
be ij

t3?i,j]:=0.0;
end;

end;
end; r
for i:=1 to size dobefin .b -ori J:=1 to ti do

be~in~,r

if abs(y) .eTN * then y:=GTNY[ i"
else y:= 1.0e07

if y > Ymax then Ymax:=v;if Y < Ymi then Ymin:=Y;Grapharray ]:= J;

grapharray :=grapnarray :=y;
enA
Ymax:= 1.2 * Ymax;

initgraphic;
selectwindow( 1);
gotoxy 4, ;write 'G'

gotoxy4,5) ;write 'A')
gotoxy 4,7 ;write('I'gotoxy(4,7);write( N)
gotoxy 3,9 ;write i:2);
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drawtext(250,195 1 ,xarra.y)i
Niceaxes (0qt,ymin,ymax
Selectworld worldndxjlbj; 'Selectwindow(windown dxglb)
Drawpolygon(grapharray,1,- ti-1),O,o,o);

repeat until keypressed;
quit: =f'alse;
repeat

Graph-rnenu('OPTIMAL CONTROL GAIN
PLOT , dumpgraph,quit);

if' dump raph then printgraphdata;
until quit-
leavegraphic;

end;

Assign( $vsFile, svs.COM');
Execute SsFile)

end.
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FILE: POLE.PAS Program Listing Page 1
program poleplacement(input,output);

ITuedefisys) (comman type & variable definitions)

1 Ut-mod02.incl

label 100;label ll0 label 1201labe1 1361abe1 1406label 150; label 16 ;label 176;label 18 ;label 19c~
label 200;label 210;

type
ary6 = array [1::21] of integer;
ary4 = array L 1.11 Jof real;

var
AA PIN,P10 : aryl s;
CC6~ .ary4;
CC,H,DEN,E,HH ar4
realpart,imaginarypart real part, ar;
imaginary part realrooi imaiginaryroot,
reafpart-1 imalinaryparti : ary3s;
nn,umran,1l.1'Jj,k,1,n2,nl,m, ,er,
vertpos,horizpos,poscounter code' :initeger;
gaini test : real;
input : char;
exponent, strg .string[2];
Change factored :boolegan *specification :string ]
inputfi le :file;
reduceorder,msize,one :integer;
list : text;

($1 Utimod03 mnc)
$I Poe inc
I$ Polynom.inc}

$I Inverse.incl
I Rootfind.inQ }

II{I Boxuser.inci

begin( open-loop calculations)
nn:=size+1* Boxuserlu ej:=falseone:=1;

a CHARACTERI§TIC_EQUA± TON( A1A,SIZoDEN)
{ca~ 1 polynom.inc .

clrscr; TextColor(yel low ,
writeln( 'Denominator of Y(s)/U(s) :');
vertpo s:=2;
for i.=nn downto 1 do
befin-i

oscuner:(jmod 421+1;

if poscounter = 1 then vertpos:= vertpos+2;
if i <> 1 then
begin

gotox( hoyiipos-i 0,vertpos);
wr ie(DEN iJ.7:4);

* msg('S +',horizpos,vertpos); str(i-1:2,exponent);

msg(exponent~horizpos+1 ,vertpos-1);
end
else
begin
enotoXY(horizpos10,vertpos)write(DEN[i:7:4);

end;writeln;writeln;writeln;writeln;

root-flnder(size,den,realpartl,inaginarypartl ,one); S

119



FILE: POLE.PAS Program Listing Page 2

writeln('The poles of the Y(s)/U(s) are:')
write(1' 1 REAL PART');
writeln('o i IMAGINARY PART')
for i:=1 tsie do
begin

write (re alparti Ei]:7:4 ] il 4'
write n~ iraginarypart 1 7:

end;

keyread(key,keyold,not_erased);clrscr;

for t=,,toiz~ do,

for jj:= 2 to size do
fori i:=1 to size do

o r z i z d o+ t k+ A'i 1 A ;] * P 1 ~ ~ ]
1 ,1V= PEN E~j

end,
end;
for i:=1 to size do
be in

Ci]:=0. 0;
for 1:=1 to stz cij +ceJ
CCti:= Piot edio* c~]+C~

end;
for i:=1 to size do
begin

rn: nn-i*
if CC~rnj <> 0.0 then goto 100;

end;
100:.Textcolor(yellow)

* writeln('Numerator of Y(s)/U(s) :');
vertpo:=

* for i:= rn oLwnto 1 do
beginrni

poscounter:=Q mod 4) +1 ;horizpos:=-poscoulter*14;
if poscounter = 1 then vertpos:= vertpos+2;
if i<> 1 then
begin

got XY(horizpos-10,vertpos);write(CCri] :7:4);
rsg(S +',horizpos,vertpos); strzi-1:2,exponent);

rnsg(exponent,horizpos4l ,vertpos-1);
end
else
begin

end;writeln;writeln;writeln;writeln;
msize:=m-1;

root-finder(msize,CC,realrOOt,imaginaryrOOt,One);

writeln('The zeros of the Y(s)/U(s) are:,
write(' R kL PART');
write~l' ms IMAGINARY PART')

* for i:=1 tmize do
begin

write(
write r alroot[i]:7:4'w~rtil+
write ~n(imaginaryroot .71:4

1 20
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keyread(key,keyold,not-erased);clrscr;

m:=m-1;
clr7cr;textcolor(green);highvideo; hrctrsi

ms( 'Factor ed (P form or Coefficient (C)

rep eat neaut2 , i
read kb,i o npt%unt 1 in~u if ,C, 5? thenif inpu 2 =tF o Au

begn
if changetthen
for J:= to size do
begin

str real part[j]:1 :2fi var[2*j+91);
str (imaginarypart jj :1:,iva ?2M+10]);

end; ptj.02fla
input-factored('POLES',size, realpart,

oto 120; imaginarypart);
en *
if input2='C') or (input2='c') then
clrscr;m:=size+1
if change then
for J:=m downto 1 do
begin

s-tr(E[J]:10:2,Filvar[size+22-j]);
end;umran:=l iPLES~iz~
input coeff(PLE'iee)

root finder(size,E,realpart,imaginarypart,one);
clrs-Cr
write(IThe roots of de ired closed-loop

?har acteristic ')
writE~n I polynomial are:write~~t siz ~M NR ART '3;

K.wr iten, IMGNRYA PART'

write(i~i~:
wrtjal part[i]:7:4irt( +j

end;
ke read key,keyold,not erased);clrscr;
goT o 182;

120:for i:=1 to size do
ori~ J:=l to size do

beg ii

end;
end-

if ima inary par tjl. > 0.0 then goto 150;
AA [i -=real par tL ];gto 170;
15:7A i,iJ :=Treal part[i1 J:=i+1;
AAi ,] =- imaginary par t~J
AA[J1 ~1:=imaginay part l'J;

170 i-size )>- 0 thef goto~ 60;

CHARACTERISTICEQUATION(AA,SIZE,E);
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180:f'or i!=1 to size do

be~inn,
De := E[i] - DEN~i];

for i:=1 to size do

* bein
1C[i] :=~ I-Hi] +PNji

end;
INend;IDMTIXPOCCSZEPNCCE)
for i:=1 to size do

feor J:=1 to size do
* be in

§A~ilj:= A1[i j PIJi] * H[j];
end;

end;

fo cci= thsiend
begin

for i: =lto size do

end;

ifClrCr;Wri.tenNeaorothHe sis:)

begin sz i

pos on tr:=0 o d 4)210 ; h r z o : p c u te * ;

egi

else

tend~cortel~rlno witln
frdi:=1 tor:size-1;

beimf/ainrvatln

wls;ritelne roo t of the Heq s se

fl= siz -i
po co nt r:( mod 4) +1-' * r- -'C *'Cscount r*
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write ('REAL PART');
* writein(' IMAGINARY PART')

for i:= =to reduceorder doa
begin

write('

write n( imaginarypart L .]7:4)
end;
keyread(key, keyold,not_erased); clrscr;
n2: =NN-l
190:if Htn2] <> 0.0 then goto 200;
n2:=n2-1; gota 190;
200 :nl:=n2-1
TextColoryeow; otX1,)
writeln'Teifeedback ocoefficients [k ]are:
writein; for i:=1 to size do
begin

write( ');wirite(HH[iJ:7:4);
end writeln;writ e n;
wriie(1 'he gain L K iis :');
write n (gainl:7: ) wr te n;

keyread(key,keyold,not_erased);
Reteat 1
wrbeoxOL .rntRtES"cr(yellow);gotoxy(58,15);
gotoxy 1025lrite('

Kf ch'?jr (ch='p') or (ch='F') or (ch='f')
then Begin

If(hFl or (ch='f') then
Begin

gotoxTI. ,1JAtextco~lor~reQ);
write' PRINTING....

. rint pa ejlacemenf output)
Rewrie list ; ofile on the current drive)

End-
If ch=Pl)or ch~pl)then

gotox 45,j3textcolor(red);

Wintp~leplacement result to the printer)

Wrilln istPOL PLACEMENT RESULT ')
Writeln list5s n lflistj;
Writeln list I~ePant matrix A is
writeliList5;
For i 1: t size do
Befin

.tor j := 1 to size do

End;Write n i, tenit)
EndlWri teln 1itrtl~it
Wri eln list 'The Input matrix is :');
writeln (lst);
For i :1 to size do

orj:= 1 toanido
BeWin
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Writeln( list 'The Output Matrix C is :)
writein~list5,
Farn :=1t no do

or~i J:=1 to size do

end;write .n ~ list)lit)

writei1 st,'Denominator of' Y(s)/
write n 'tDescending powerso :,?

U writeln( list)
for i:=nn down'to 1 do

begin list,
writel 1st, +j-4)

end writeln liist) ;writeln

biegin elist:The.RoesAo7' th1;(s)/U(s) are:,);
writeC 1 st ,'NmRatoR' Yks)URs PAR
write n list IA

for i:= to riize do
begin

write list'
write list'trealprotli]:74
write 1ist. ' +3j
write nlst i ary t 1:74)

endwriteln list ;writen isf:4)

writ6eilist, Dueredo cos -lopCaratersti
writeln list '- Descending powers of S:)
writeln (list).
for i':= m+ downto 1 do
begin

write(list ' '"11

end wrcharactristn i );
writein (lst,'Th polynomialY~/~s are:');
write~ list,' REAL PART');
writeln listr ' IMAGINARY PART')
for i:= 1 to size do
begin

write ( lst,'
writes list,realrpat~i:7:4)
write 1list, +j')

wrie n1 g ~a rit 1244)
en it.ltpwitenls)

w 
ri

rielsDsrdcoqpopCaatrsi
pS.oma

wrtl it -DsediS;pwr fS:)
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Writeil st,'Numerator of the He-, i
write n( list , Descending powers of~ S :');
writelntlist 3;
for i:= size downto 1 do
begin

writeln( list,'The roots of the Aeqs1, re :');
write 1I st, REAL i~RT)
write n list, IMAGINARY PART')
for 1:=1 to reduceorder do

writes list,''-
write ls,realpartsiJ :7:4

end wri eUn list) ;wr iteiln(l ist)
wri Eeln list,'The fee~back coeflicients [kJ

are:writeln(list); fr i:sz=d
begin

end;writeln i is);wri eln 11isU;:4
writejl1.st. The gain K is : ')
writelntlist),gail list);

End; ls) -Until Ch in E'Q','q' J
Assign(SvsFile, 'svs.COM');

. re-execute SVS main program)
Execute(SvsFile);

End.
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* TURBO GRAPHIX version 1.00A
* Type def in~o module
*Cop ritht C 95by
* BORLAND International

cornst MaxWorldsGlb=4;
Maxorder=-
MaxWindows6lb= 16;
MaxPiesGlb= 10 0
MaxPlotGlb=206;
MaxBlocks =10;
StringSizeGlb=80;
HeaderSizeGlb=1 0
RamScreenGlb:boo lean=true;
CharFile:string StringSizeGlb]='4x6.fon';
MaxProcsGlb= 27,
MaxErrsGlb=7;
Extension:String[4]='.svs';

type wrkstring=stri ng[Str ingSizeGlb];
WorldType=reco rd

xi ,yl ,x2,y2:real;
end;

WindowType=record
X1 1l 2 ,y2:integer;
header wr st ring;
drawn top:boolean;
size: integer;

end.
worlds=aaL -. MaxWorldsGlbj f WorldType;
windows=array L1 .MaxWindows Glbj of' WindowType;

* ~PlotArray=array i 1. MrPlotGlb, 1..2] of' real;
*character=array 1-i.. 3o5 byte;

CharArray=array L32.. I6j o character;
PieType=record

* area real*
text :wrks-Lring;

end;
PieArray array [1.ax iesG~b] of' PieType;

LineStyleArr ay=array [0. 7 joofboolean;
ArylS=Array L .. 10,1. .106 of' real;
Ary2s=Array ..110 1..101 of' integer;
Ary3s=Array L..1ij of' real;
Str2=String[2
Str4=String L4
Str5=Stringl L .
Str20=String. L2

*Str4O=string2 40
*Str45=String-4025

Str80=String l
Str255=String 21]

var X1WldGlb X2WldGlb,Y1WldGlbY2WldGlb, aa

Ax Glb AyZ6lb BxGlb,ByTGlb:real'
X1Ref'lbX2 eifGlb,Y 1Ref'Glb ,Y Ref'Glb:integer;

* Linesty leGlb ,MaxWorldGlb ,MaxWindowGlb,
Window NdxGlb: integer-
X1Glb X2Glb,Y1Glb,Y26lb:integer;
XText6lb YTextGlb VStepGlb:integer;
PieGlb ,DirectMode6lb Clippin~
AxisGlb HatchGlb:boolean-inl
Message6 lb, BrkGlb ,Header 61b ,TopGlb,

Graf~de~lboo lean;
CntGlb ,ColorGlb :byte;
ErrCodeGlb :byte;
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LineStyleArrayGlb :LineStyleArray;
ErrorProc:array L 0..MaxProcsGlbj of WrkString;
ErrorCode:array LO. .MaxErrsGlb of -WrkString;
PcGib :stringLN4];
AspectGlb :real;
GrafBase: integer;
world:worlds;
windowi :windows;
Char Set: Char Array;
D:Ary~s;
AlA, ,C :Arz is.
Len,Space, Dr ie:Str2; yodntgr
Size,ni,noBlockl ,Ke Kyl:,tgr
Not-erasedFinished, Exit,Inserton,F1,FlO:Boolean;

Ch :Char;
TemPlate Answer ,PreviousAnswer:Str80;

PFilvar:Array[ .. 35] of str40; (menu prompts)
worldndxglb : integer;
escape,retriev,luen :boolean;
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rocedure Bode plot;
abel 1; (label decleration for goto statement)

var
Code, I ,Count NumberDecades ,Star tDecade,
EndDecade : integer;

Wf,Wo,Wi,DeltaW Gain :Real;
PlotArrayl ,Plotkrra.y2,MagPhaseArray,

temp :char;
0penLoop :boolean;j

eceff,nulmcoeff,cdencoeff : ary4;
realpartpole imagpartpole,realpartzero
imagpartzero~crealpartpole,cimagpartpole: ary3s;
PSI :aryls;

function L g(X:real):real;
Beiincomputes the base-lO logarithm of X)
f X=O~ th~) gr else

function Expon( ,X:real):real-
Be~in computes Y raised to X power)

Bepon := exp( X * (ln(Y)));
* end;

lrecri boxuser; one:=l*
Charac- eristic equation AlA,size,Dencoeff);
for i:=1 to sirZe do

end;
for jj:=2 to size do
befin

ror i:=1 to size do
bein

kkl-j +I
PSI i, J :=Dencoeff[kkl) B~i,1);
for 1:= 1to size do
beI~ziEl]:PSIE±,J] +AlA[i,l] *PSI~l,kkl];

end;
end;

end;
for i:=1 to size do
be§nfC 00

ue*coeff~iJ:...umoffi + SIj0]*C;,]
for i:= to sie do
bein
if n fl:=Nu mcefi + 0.0J~i thengoto1;

end;
1o si:ezetosizemdo
Cbsre Txgooinlgtbu)

mrit=n((**Bol PltigPrmees**)
-ltm <> .0 ten gto 1

if numco.f
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Msg('Open (0) or Closed (C) Loop Plot?',5,5);
repeat

sets flag O'enLoop ify
tem :=copy~aswer 1 ,1)

iusese lects the open>
if not(temp, in ['0' 'C'j) then beep( 350 1 50);

unt 1 temp in [0, Cj~o option for ploi
if (temp = '0' ) hen 6penLoop :=true

else OpenLoop :=false;
Msg('What is the fi rst frequency to be

plotted?' ,5 7);
Msg('(example: .61 1,100 etc )',10,8);

Val( nswerW,cd) {Wo1 is the first plotted freq}

Msg( 'Input number o decades do you want
plotted?' 5 10);

Input('N','',51, 1 0,2,true,F1, FlO);
Val(answer,NumberDecades,code),

root-finder(sizezeros,Numcoeftf,realpartzero,
imagpartzero one)-

root finder(size,Dencoefl',realpartpole,
imagpartpole,one),

ai:=Numcoeff[sizezeros+1];
ori:=1 to sizezeros+1 do
be~in []a

umcoff~i:= Numcoeff[i]/gain;
end;
boxuser;

for i:=1 to maxorder do CflenCoeff~ij : 0.0;
for i:=1 to SizeZeros + 1 do

CfenCoeffLiJ := Numcoeff[i] * gain;

for i:=1 to Siz~e + 1 do
CDenCoeff Li] := CDenCoeff[i] + Dencoeff[i];

if $ize > SizeZeros then CN OLES:=Size
{NPoles should always beT

else CNPOLES: =SizeZeros;
(greater ,but to be safecompute new denominator roots)

root-finder(Cnpoles,CflenCoeff CRealPartPole,
ClmagPart Pole ,one 5;

StartDecade := trync(Log(Wo));
End~ecade t compute linear scale to plot)
End~cade:= trDecade + NumberDecades;

(log numbers. Also figure step)
Wf := WO Expo( 10.0, IumberDe ades);
DeltaW := Expon((f/W 1,0.0125;
Wi := Wo;

for Count := 1 to 81 do~do 81 iterations... .arbitrary)

Begin

if OpenLoop then (compute bode numbers if op enloop)
iand later if closed loopy

begin
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ZMagn:=1.0; ZPhase:=0.0; PMagn:=1.0; PPhase:=0.0;

f~ri = 1 to SizeZeros do
tcompute magn and phase of' zeros for f'req step)
beagn:=ZMagn * Sqrt(Sqr(Refl5z'tZero[I])+

Sqr( Wi-I~aiPar tZero LI_
if RealPartZero i = 0.0 then

ZPhase:=ZPhaseipi/2.0 else;
begin

if realpartzero[i] > 0.0 then
ZPhase:=ZPhase -t 1rtzeroiiP-

else
ZPhase:=ZPhase +-

end;imagpartzero L ij, .-(realpartzero[i]));
end;

for i: = 1 to Size do
tcourpute magn and phase of' poles for freq step)

~Magn:=PMain *Sqrt( S q (elPartPole[I]) +
sqr(Wi-TmagPar PoleL

if Real PartPoJ eL I] 2 0.0 then
PPhase:= PPhase4-pi/2.0 else

begin
if' realpartpole[i] > 0.0 then
PPhase:=PPhase- i -- rctan( (wi-
eleimagpartpo ~i]) (-rea partpole~i])
PPhase:=PPhase + arQ7-r(wi-prpl~])imagpartpoletLiJ)(raprpl~])

end;
end;
PlotArray1 Count 1] := Log(Wi);

(fill plott ng mair x with mag itude values)
PlotArray LCount,2J := 20*LogGain*

(ZMagn/%gn));

Plo tArray2ECount i1 :=Lo~ i);BM~hs matric}

Snxt stint coerstfr q wrap-around)iP1 otArray2 LCount,2 i> 0 then
PlotArray2 Lcount,2J :=PlotArray2[count,2]-360;

Wi := Wi * DeltaW; (increment freq step)

end

else

(perform same steps as above if' closed loop requested)

Magn: =1 .0; ZPhase: =0.0;PMagn: =1 .0; PPhase: =0.0;
for i := 1 to SizeZeros do
begin

~Magn:=ZMagn *aqtSr RaxtZero~il)+
SrWi-I ajPartZero LII)),

if RealPartZero I 1 0.0 then
ZPhase:=ZPhaseipi/2.0 else

begin
if Realpartzero[iJ > 0.0 then
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ZPhase: =ZPhase -. ca Tii-

else imagpartzero i~T(-reaipartzero[i]))

end; imgateor~7((wi-przr~3)
end; *~

for i := 1 to CNpoles do
befin

L-Magn:=P-vagn *C!Sqrt( Sqr2CRefiMarPole[I])+
Sqr(Wi-I alP art PoleLi)

if CReal PartPole LI = 0.0 then
PPhase:=PPhaseipi/2.0 else

begin
if crealpartpole [i] > 0.0 then

PPhase:=PPhase - ~i + ,.rtan((wi-r
ele cimagpartpoleiL]) /-crea.LpartpoleL1]))

end;

PlotArrayl [Count 1] . = Log(Wi) .

(filljplott ing matri I wi th man tude values)
PlotArrayl LCount,2] := 20*o( Galn

PlotArray2ECount,1]:=Log(WI T;nil a atix

PlotArray2[Count,2] := (180/pi)*(ZPhase-PPhase);

(ne t stint overs freq wrap-around)
if PlotArraY2 LCount,21 > 0 then

PlotArray21Lcount,2J :=PlotArray2[count,2]-360;

Wi. := Wi * DeltaW;
end;

end-
PlotBode( Star tfecade EndDecade ,NumberDeg~ades,
end;(bodPlo Aryl,fPlotArray2,OpenLoop);
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procedure PlotBode(StartDecade Endlecade,

NumberDecades: Integer;
PlotArrayl PlotAr y2:PlotArray;
OpenLoop: hoo lean)

MagnArray: array[li.21 of
Cotar 'P'H'A'''E' :5Il ,'''d'' ,

FreqArray: tif' 'Ft'NY rdsc ;
var i,J,n :integer;

ch : char;
x1 x2 :integer;
Delta :real-
MagLabel : string £3];
PhsLabel : string L4J;
DecLabel : string 3 3;

Title2string[80];
DumpGraph :Boolean;
w :real;
quit :Boolean;
list :text;

function Log(X:real):real;
f X=n then T og=O else

Log := Ln X) Ln~ 10);
End;

function raisedt X power)

enpon := exp( X * (nY)));

Procedure PrintGraphflata;
(prints numbers to a file or printer)

repeat
Textco 1r(white) oox 20,10
writel' ~ AOGRAM OTPUT OPTIN *
gotoxy( 0,13)

Textcol Qr (yellow); Y gotoxy( 20 14);
writeln~ ' Ohpck Your Prixter. 1);
Textco rQ(white)* gotoxy( 20,15);
writeo <> List to File name
gotox 0,6);
writ 1)on the current drive')

write 4n( <Q>' Quit

go to yt28,i4);
read (bd,ch )

if (ch = 'F or (ch = If') or (ch= 'P') or
~ch= 'p' th en

begln
if (ch = 'F') or (ch = If') then
begin
gotoxN(4-.15);textcolor(red);
write( PRINT NG .....
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assign( list,'Bode.RES');
rewritellis{)

end
else
begin

gotoxT(24..13);textcolor(red);
write( PR NTLNG ........... N
assign( ist 'LST:'); 9

end;

Titlel:=(' w (5ad.) Gain (cib)
Phase (deg)');P

Title2: =( ------------------ '

writeln(list,' BODE PLOT RESULT')

writeln( litltlel ),
wrielnlistTitle2)

fritl , is writein(list);
begin

w := expon(10.0,PlotArrayli,1]l);
writein list 'I

Plotkrrayl [111*8:3'
PlotArray2 1, 7:35;'

if i= 47 then 9
begin

write i l, st,chr(12));
writeln (list)*
writeln( list,titlel );
wri.teln( list itle2ewri.teln( list); writein(list);

end;
end;

end;PQ
until ch in EQq]
nterGraphic;
when finished printing, go back to graphics mode

an display gr aph3
swaps reen*
clos ?list);F

end;

Begin
initgraphic; (set-up windows for display)
DefineWindow (1,0,0 XMaxGlb,YMaxGl bDefineWindow (2,5,1 ,MaxGlb-5 YMaxG~b-15);
DefineWindow 3 515,XmaxGl1b-5,YMaxGlb-15)

DefineWorld( 4,StartDecade ~0EndDecade,-60)
DefineWorld(3 StartDecade:0,PndDecade,-36f),
SelectWorldf
SelectWindow~l
SetBackoic(,
SelectWorl(?
SelectWindow(2;
DrawBorder;

SetLineSt yle (1);
For I:lto do (draw horizor tal graph lines)

EndDecade,- 0+M2*I)~?
For J:=0 to NumberDecades-i do

Begin ?draw vertical logarithmic graph lines)
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For I:= 1 to 10 do
elt:=SartDecade + (LogCI I+ J);

Drawline(Delta,-60,De ita,60)
end;

end;
SelectWindow(l~ (y-axis titles)

BeawText (5 55+6*I,1,MagnArray[I~)
DrawText( 6O,60+6*I,1, PhasArray[Ij),

end;
DrawText(250,195,1,FreqArray) ;(x-axis titi }
For I:= 0 to 6 do yaxs scale labeli
Beri(62 *1:3 MagLabel)
DrawText? 12 1t+2 *1, 1 flagLabel);
Str(0-601*I:4,PhsLabel1
DrawText( 600,13+28*1,1: PhsLabel);

end;
For I:= 0 to NumberDecades do
Be~in(label the logarithmic scale)
etr(TrunC( Startflecade)+I:3,DecLabe 1);_
DrawText (36+(570 div NullberDecades)*1

86 1 DecLabel);
DrawText(30+ 510 div NumberDecades) *I,

end 101 '0
SetLneStyie ()
SelectWindow ( 2y SelectWorld(2)-
DrawPolygon( Piral,,8 0 1 0);

SelectWorld( ?
SelectWindowl3
DrawtLn~y on(P1o{Array2,1,-81,T,1,0);

Drawolyoni ?lot the phase)
copyscreen- (save screen to memory)
repeat until keypressed;
quit := false;
repeat icall for graph options menu)

if OpenLoop thxen
Graph Menu( 'Open Loop Bode Plot',DumpGraph,quit)

else
Graph Menu( 'Closed Loop Bode' ,DumpGraph,quit);

if DumpGraph t en PrintGraphlata;
{dmp numbers if desired)

until quit
LeaveGraphic; (leave graphics mode)

end;
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(This program draw line for menu box. *
procedure box;
var i :integer;
begfinI

Highv deo Text olor(yellow? ;gotoxy(1,2)
writelchr 218draw upper left onrfor i to do (draw upper corznallneX

begin

end; wriec
fotoxy(1 ) write (chr (192));
or :-tQ78 0.

write (chr (217))
for i:= 3 to 4do
begin

gotoxy(1,i);write(chr(179)); (draw vertical lines)

en ci; ,i );write( chr( 179));

fotoxy(!,23)orn :=1 U 78doU
write chr(196));

writel(I~ ou seecin;)
TextCol or1 white);gotoXY(20,22)-

enqtoxy(4 0W 2 2 )Lowvideo; make input, promt}
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Procedure Fi_and ganna(var T:real;

var fi:aryls;
label 1;var gamma:aryls )

var
A2,A3,A4,A5 :arls
1,j :in eger;tesi value,step :real;

es value:=1.0e-08;
stepT-1
for:=1 o size do
%or i:= o size do
be in

FI-ii -1 0.

A2f 1 ' 1 L:= T k~12 FIli,j];
end

r end;
1:for i:=1 to size do
be ine

for j :=1 to size do

(Ste ++
A5 I, 5E ,Jjsep1. * A[~]

end;
end;
for i:= to size do

for J:= to sze do AAik]*A[j;

4 i,j]:=A4O

end, 4~]=41 0 l~~] A[t]
end;
Step:=ste +1r. 0;
for i:=1 osize do

for J:=1 to s iZ7do
if abs(A3[i,J )> (test-value *abs (FI[i,j]))

then goto 1

for i:=1 to size do (initialize}
for 1:=1. to ni do
GAMALi,Jj:=0.0;

for i:=1 to size do (calculate GAMMA matrix
for J:=l to ni do

for k:=1 tosize doI
end; GAMIVAi jJ:=GAMMA~i,j] + A5[i,k] *B[k,j];

136



FILE: CONTROL.INC Program Listing Page 1
Procedure Matrix-reduction(Var dumy square:Aryl;

Var n,m~rank: Integer);
Label 142;Label 145;Label 235-Label 170-Label 180;
Label 162; Label 198;Label 206 ;Label 224;Label 226;
Label 228;Label 234;

VAR
reduction matrix :Aryl;
Jjc Nmin I j -. k.1 k,istart,

l~l~mn,lilli,.k1 i : Integer;
compare_value,tempvalue,sum :Real;

or~i i := i to n do
For 11to m do

reduction-matrix~i'j] : dumy_square[i,j];

compare value := 1.00E-8;
jcg :=1Tr
Nmin :='n - 1;

If nmin = 0 then goto 235;For i :=1 to nmin do
Befin

For j :=jjc to m do
Belin

For k':= i to n do

Ii~n abs( reduction -matrix[c,j]) >=compare-value

then GoTo 142;
End;

End;
GoTo 235;
142:If kj = i then GoTo 145;
For J1 := jj to m do
Begin

Temp value := reducti n matrix~i J1];redu~"tion-matrixL i,Jl J:!--reduction matrix[kj ,ji];
reduction-matrix[kJ,jlJ :=temp_value;

End;
145:temp value := reduction matrix[i,jj];
For 1k :" 'jj to m dre ucti in matrix L ,Jk] :=reduction matrix[i,jk]

/temp_valUe,
If' i <>1 then GoTo 180;

* start :=2;
162:for 1 := start to n do

epva ue := reduction matrixfjjj
if Wbs( reduction matrix l,jJ) <= compare value

then GoTo 170;-
For 11 :=Jj to m do

reduction matrixL1,11] :=reduction matrif ljlj.]
-temp_value *reduction Matrix 1,1

170:End-
GoTo 206;
180:imin :=i-1;
For li :1 to imin do

~emp value := reduction mt.trixc i ,ijjlif labs( reduction matrix L lijj <=ompare_value
then GoTo 198;-
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For lii: i to M do
reduction matrix Eli ,lli]reduction-matrix~Li,1liJ-reduction matrix~i,1ii]*temp value;

198 :End; start:=i+1
GoTo 162;*
20011 = m then goto 235;
Jjcj +1

For jk :=jj to m do

Jepvalue := reduction matrix[n,jk];

then GoTo 226;-
For .1: k to rn

reduction_matrixn~j1J :=reduction matrix[n,jl]/
temp valu-6;

GoTo 228;
226:End-
GoTo 23 -
228:For ifr:= 1 to nmin do

epvalue := reduction matrix [i± jic];
if' -9bs reduction matrix Llf,JJC] <= compare_value

then GoTo 234*-
For 0i:jc omd
reductioncmatrix~l,j1] :=reduction matrix~lf,jl]

-temp value *
reducti~n-matrix[n,jjc];

234:End;
235:Rank :=O;
For i := 1 to n do

umgi := 0.
For j :=1 io m do

fet abs(reduction matri:[,] < = compare value
then reduotioi j.fiatri.0

dumy square Li, 1 h= reduchionrnatrtx~i 1;
Sum T= sum + ab reduction rNtrix Li,J1)

End;
If' sum >= compare-value then rank :=rank +1;

End;
End;

Procedure matrix-multiplication( VAR matrix matrixl,matrix Ar is
VAR L,M,N :Integer);

var mult matrixl,result-matrix,mult-matrix2 : Ar v1s;
k,j 4 : InTeger;

d Befin
For J:=1 to m do
beoin

'or i :=1 to 1 do
begin

mult matrixi [i,j] :=ratrix[i,j];
end; -
For k:=1 ton- 0o

mult matrix2j Li k] :=ratrixl[j,k];
End;
Forti :=1 to 1 do

138



FILE: CONTROL.INC Program Listing Page 3%

Be in
~or J:=l to n do
Begin ,

result matrix[i,j] := 0.0;
For k:- I to m do

result matrix~ j] result matriX[ii] +
mult-matrix[lR] * mult_matrix2Lk ,J-

End;
End;
For i:= 1 to 1 do
Begin

forr O d

End; ,j := result matrix[i,j];

End;
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procedure Inverse-find matrix( VAR A:Aryls;
var XDOT:ary4;
var ORDER: integer;
var AILNV:aryls;
var X:ary4;
var singulare.l : intger)

1ai el 5;label 6;label 12;label 16;label 20;label 51;

begin
n:=1;
for 1:=1 to order do

* be. in* or J:=1 to order do
beM

I ~j] :=,0
end; 1

end;
for i:= 1 to order do
be inE

end;
for i:=1 to order do
begin

6:if (abs (B2[k,i]) -abs(comp)) <= 0.0 then goto 5;

5:k-=k+l-
if frj)< 0 then goto 51;
ifo 2- = 00 then goto 61;
if ni<0 then goto 51;if =- 0 then goto 12;fo m:=to order do
be o ry valJue:= B2[i,mJ;
B2LiomJ :7B2 Ln,m];
B2 Ln~m :=temporar V value;
ternm rr value:= AIJVLi,m];

S. AINVYi, fljT= AINV~n, mj;
AINV Ln, m] temporary value;
end; value:=X[iJ;

X nnjrT jrv vat uei

for m:=1 to order do
be gi

AIUV~i m]:= AINYII,,m] / temporary value;
B2Li,m1:=B2[i,mJ temporary_valu;

end;
for J:=1 to order do
begin

iU -)=0 te o 16;
if~r4 t1,,hngto16;*~~ Bt~~~ B~ji1 i]
temporary va ue:=IE2LJ,iJ;.
for n:=1 to order do
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tIN[J~l:=AINV[E.1n1- temporary_value

B2[j,n]:=B2[j~f temporary_value *B2[i,n];
end;

16: end;
end;
goto 20;
51:singular:1l;

20: end;
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Procedure linear equation(var AA:ar T2

0var nw ,i n eger;K, var BB,x:ary3;N ~var K:Inteiger;
i var U:ary2);
label ljlabel 2-label 3ilabel 4,label 5;label 71;label 8 ;label 12O;labe. 8;labei 6 ;label 10;label 130;
label 7;

Vris,it,kk,n,k1 ,ii,mm,i,j *integer;
al : ary2;
id : ary3;

Begin (linear equation) :el

for i:=i to n do
Be~i m =B~]

for tomr 9
End-At:

ik : A ,j

if nm >=0 then goto 1;

for 1:=: it to mn do
Befinmmd

End; Aij 
00

1~~:=1to mn do

2:kk:=k+l;
is: =k;
it:=k;
El :=abs(A1 [k,k]);
for i:=k to n do

fori J:=k to mn do
BfR --bs(Al~i,Jl)-Bl) <= 0 then goto 3;
is:=i;

it-k <= 0 then goto 4;

for := tomm do

4:iP (it-V~ (=0 then goto 5;
icz.=ID kJ
ID kJ :I[it];
IDi Lit :=ic;
for i: = 1 to n do

Al5' Eiit'ti i,k);

142j



FILE: LUENBERG.INC Program Listing Page 2
Al [i,k] :=cl;

End-
5:iA' Alrk,k] <> 0 then goto 71;
kk:-=kr
k:Lk-i;
fori :=kls: torn do

Al Li'iJ : = -1.0;

oto (k-n) >0 then loto,120;
=t1hen Inn]if k-ni 081Al~n,m Al n,rnm Al n]

§1:for J:=kk to mm do
Cl~k4 = Al[k ,j] / Al~k,k];

for i =kk to n do
Begin

w:=A1l ,k*
if(asl[>
Al 01J-wasw) >

0.0001*absow)A :0.0
End-
if kN) 0te oo10
ik:m) =0 then goto 62;

ift 0 hngoo6

if got

7:kl :=k-1 ;
for is:=1 to kl do
Begin

i:=k-is-

for it:=ii to k do

or l :=kj t nido]Al i, j :.=Al i -Al~i,it] *Al~it,j];
End;

End;
for i:=l to rn do
Be i

~Or j:=l torn do
Begin

i~ ~ ~ < fIDi i 0 then goto 10;
x Li =' imm;
ir k-n) = thenl go to 10;
for is:=kk toM rdQj,]Uli,is-k] =A1lIiJ

1 0:End;
End;
k: =rn-k
goto 1to;
120:Wr ? em;
Writeln 'here are no equations');Delay(2000);

130:End; M~near equation)Y

143



FILE: LUENBERG.INC Program Listing Page 3

Procedure Polynomial of roots(var n:integer
var rr,ri:a 5yis;
var cf:ary4)Of

(This program calculates tlie coefficients of a
polynomial from its roots Y

label 1;label 3-label 111;label 222;label 2;
label 5;label 21;label 50;

var
ick nn mp i ii 1,m,mm,mmp :integer;
sumreal,preali ,sumimag,prreal,primag :real;

i :ary6;

Begin 1

CF nn]:L1 .
for m:=1 to'n do
Begin =.;

sumimag: =0.0;

2:iUf!(1m >0 ihen goto 50;
i(1-in) = 0 then goto 5;

MM:.= m- 1
for i:=i to mm do

Begin

Jtii]: Jti]+l;
End;
5:prreal:=1 .0;
prreall :=1 .0;
primag:= 0.0;
for i:=1 to m do rBegin
prreal*=Drreall;
ick: =J tij
prrealMI: prreal*RR ick] primag*?I [ick];
priinag:= prreal*RI~ickJ +primag* R i ckJ

End;
sumreal := sumreal+prreall;
sumimag: = suiiag+priinag;
for i:=1 to in do
Begi.n --

if (JL 1]-n-sm-l) >0 then goto 50; N
if (JLlJ -n+m-l) <0 then goto 1;

End;
inp:=n-mi-1;
inmp:=mp mod 2;
if <np> 0 then goto 111;
MpP:= sUreal;goto 222;

222:End;
goto 21;
50:Writeln
Writeln ( 'Tere is an error in polynomial

clclto from roots procedure');

21:mmp:= n mod 2;
if mmp <> 0 then goto 3;
for ndonfo 1 do

3 :End;
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Plot Nyquist is a routine to draw the Nyquist p101
~rom the data generated in the Nyquist procedure.

Procedure PlotNyquist(Startflecade, EndDecade,
Numberlecades: Integer;
FreqArrayPlot Arrayl,
Plotarray,
MagPhaseArray:PlotArry
BigPic ,OpenLoop: Boolean5

var
Xint,Yint, i,j,n code : integer;
Ymin,Ymax, XmiLn,kmax : real

*XLabel,YLabel : String[3>j
DumpGraph,quit : Boolean;
w,XminL,YminL :Real

* GraphWidthX,GraphWidthY: Real;
Xexponent,Yexponent :integer
XexpLabel,YexpLabel :stringttJ;
GrapArray :PlotArray;
List: text;

function Expon( Y X:real):real;
Be~in computes Y raised to X power)

xepon := exp( X * (ln(Y)));
* end;

Procdur Gdause to make graph to printer)
Betin

repeat
TextcolQr(white) gooy20 0)
writerf( *** PIOGRAM OUT UT 6PTI6NS
~otoxy20~ 13 *wr teln('<P> Printer output

'awriteln(' ~Chic Yor Printer!
Textcol r(white - ftx(01)

gotoxy( 0,17)-

otoxy12,1 5)tetolrre)
assignr ist 'Nyqurit.REQS; SI

rert (h = i : I.r); f, r(h P)o
en

bgiton 4,15textcolo'(red);

assign( i st 'LSuit'); I)
rewritel(lisi)
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end-
Titlel:=(' w (rad) Magnitude

Phase (rad) Xplot ylt)

writelni s, NYQUIS PLOT RESULT~)
writen( list) writeln(list)-

writeln( list) writein(list);
v for i:= 1 to ~1 do

begin
w :=~ FreqArray[i ,iJi
writein (list w9-3,

Magf~haseAzray ii :11:3,';
MagPhaseAr 2 :11:3,'y

PlotArrayl Li,2j :10:33;
if i= 47 then
begin

write 1n(list)
write~ 1 st,chr (12))
write in list,Tit lel) ;
writeln list Title2h
writein list; writein(list);

end;
end;

until oh in ['Q','q'J;
EnterGraphic;
swapso r een;t)cls (list)
end;

Begin (P o Nyq~ist) (prompt for window parameters)
if not (Bi9Pi c) then

P1]= 11511N00503-010101:
P 4 1512N00504-010101
P 11513NO0505-010101

= 151 4N00506-01 0101;
Clrscr; TextColor LightBluel
writeln(' N* NYUIST PLOT tNG PARAMETERS **)
textcolor (yejlow);

write n(-------------------

HighVideo;
writeln; writeln*Textcolor (white)
msg('Input Plotting Co rinae Lor the

Nyquist Plo ',1,6);e
TextColor (yellow)
writeln-wr itelnwrite 1 ;writeln; writeln;
writeln 'X-Minimum
writeln ( X-Maximum:
writeln ('Y-Minimum:
writeln ('Y-Maximum:

Input Handler ( N0306',Escape);
writein writeln;
writeln 'Any changes to these parameters?

(Y / N * 'Irpt('A','' 4516, t ue F1,F10);
If answer='4' ) or' Pi then

Inyut a lr'00'Escape);Val f ar'3' ,Xrin:codaeVal filvar [4 ,Xmax,code)
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Val (filvar [5] ,Ymin,code);
Val (filvar 6 Ymax,code);
end
else
begin
Xmax:= 100;

(set default values for "big picture" plot)
Xmin:= -100;
Ymax:= 100.Ymin:= -I106;

end;

INITGRAPHIC;
niceaxes(xmin,xmax,ymin,ymax, '');
n:=1
for i:V 1 to 80 do im
if (ab( p lotarra.y i l) > Xma<or"

(abs plotarray 1l[ j) > Ymax) then n:= n+1;
if n<> then n:= n-I;

use 1 extra point beyond graph border)

DrawPolygon(PlotArrayl ,n,-80,0,1,0);
(draw graph on screen)

for 1:=1 to 80 do
if (abs(plotarray2[ ,1]) > Xma )

(abs(plotarrayl[i,2J) > Ymax) then
n:= n+1;
if n<>1 then n:= n-1; -,Setlinestyle (I);

DrawPolygon(Plotarr ay2 ,n,-80,0, 1 , 9)

Repeat until Keypressed;
(Put option menu on screen)

quit:= false;
repeat
if OpenLoop then L,:.Graph Menu('0pen Loop NyquistPlot',

else - DumpGr aph quit "-" else .

Graph Menu('Closed Loop NyTuist Plot',
DumpGraph, qui,;

if DumpGraph then PrintGrapnData;
until quit
LeaveGraphic;

end;
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(Graph Menu provides a window on screen and offers the
user oTtions to make a title, print the graph, rint
the numbers from the graph, or quit and return to the
menu. I

Procedure GraphMenu(TitleWindowName:STR25;
var DumpGraphData,quit :boolean);

var
Linel, Line2, Line3 :string[40];

Procedure TitlePrompt;
be~in

* xtCor(White);
Center ** Graph Title *~* ,1,2, 80);

P[11:= =11A401000
P P2] =11A402000,

PL3J: 04A40=000

text color(yellow):
msg 'Line 1 :', , );
msg~ 'Line 2:',12 2;
msgi 'Line 3:',1,14)

- textcolor(green)
msg( 'Type your title for your graph.',6,20);

Input_handler( N01 03' ,escape);

Linel:= copy(filvar[ : 14)Line2:= copyflvr2J ,1,4f);
Line3:= copy( flvarL3] ,1,4.0)

end;
Proc dure ShowTitle-

?makes title block and writes title to block)

begin
copy scr een*

-. Se Li neStyie0)
DefineWindow 3 ,l20,40 60);
DefineWorld 6,0:40:16);
SelectWorl3; SelectWindow(3
DefineHeade r(3,Ti tle~dindowName; (puts header on box)
SetBackground() 0>
SetHeader Qn;Drawhorde
DrawTextW( 1,4,1,Linel1
DrawTextW(1,8 1 Line2)
DrawTex( 1,1Q,i,Line1
SetBreakOTf; SetMessageff;

repeat
read(kbd ch)
case ord~ch) of

.allow user to moveu i box anywhere on screen)
72 : MoveVer --4,tru e p arrow)
75 : MoveHor (-1 tru left arrow)
77 : MoveHor (1 ,rue right arrow)80 : MoveVer (:re; dw arrow)

until ord( ch)= 13;
end ~ .freeze box and continue with <return> key)

begin
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DumpGraphDat := False;
selectscreen(1)
copyscreen; SeLneStyle( 0);

(save ijnderl-inj scrjen and display menu box)
DefineWindow (4 1,2'0,35 90)
DefineWorld4 ,0 ,20:20)
SelectWorld(4'SelectWindow(4);
DefineHeader (, 'Graph Op~o~sMenu');
SetHeader On; SetBackground (0) DrawBorder;
DrawTextW(1,4,1 I<P> Print Graphoto the printer');

?di splay menu otns) Jo
DrawTextW(1,7 1 <T> Make Title to the Graph');
DrawTextW( 1:16 1 :,1'N> Print Table of Numbers's*
DrawTextW 1 13,' used to Generate Graph,5DrawTextW( 117,1,:'<Q> Continue to the Program')
repeat

Opt ion;
case -h of (interpret user input)

'PI' begin
swa sor een-

redi fpiays SQ reei without menu box)
hardcopy( alse 1 ) (print to pr inter)
copyscreen;
ch := 'P';

end;
'T': begin)

reveaphic; leavetgraphics screen)
Title romp ; prompt for titl eY
entergr aphic; return to graphi s mode)
swapscreen- bring back graph
ShowTitle;? isplay title box on screepi)
copyscreen; (save graph with title boxy
ch := I '

end;
'N': begin

DumpGr aphfata := True;
(sets boolean tocause numbers)
(to be printedlY

ch : N';
end;

end;
unti*l ch in [P','T''IN9Q]
if ch I Q' then Quii :='true

else Quit :=false;
end;
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procedure inputFactored Zeros or poles:str5;-- N0actors:integer;var real_part,

(Begin processing Factored form Input-Internal routine)

var
ij : integer;
test : real;

begin

P11 := 0905N01011-000101';
P12 := 2505N01012-000101';
P 13- := 0907N01013-00101 ;
P 14 := 2507N01014-00101 ;
P.15 := 0909N01015-000101';

'-/ P 16 := 2509N01016-00101 ;
P 17 := 0911N01017-000101';
P.18 := 2511N01018-00101 ;
P19 := 0913N01019-000101';
P 20 := 2513N01020-000101';
P21 := 0915N01021-000101';
P22 := 2515N01022-000101';
P 23 := 0917N01023-000101';
P24 := '2517N01024-000101';
P 25 := 0919N01025-000101';
P 26 := 2519N01026-000101';
P 27 := 0921N01027-000101':
P 28 := 2521N01028-000101';
P 29j := 0923N01029-000101';
PI30 := '2523N01030-00101';

ClrScr; Text Color(White); (write screen titles)
otoXY(1 24);

Invvideoo'Press <ESC> to change an entry');
Center('*** Desired characteristic PolynomialInput * * * ,I,I, 80)
HighVideo;
writeln;TextColor(green); t
if Zeros or Poles = 'ZEROS' then

writgln('NUMERATOR Transfer Function

else Input -- FACTORED Form')
writeln('Characteristic equation

Input -- FACTORED Form');

HighVideo ;writeln ;writeln;
for J:=1 to NFactors do (type prompt strings)

begin
writeln(' s =
writeln;
3nd;

-. specification := concat('N11',strg);

Input_handler(specif cation, escape);
{call the input handler)

for J:= 1 to NFactors do
4.compute the zero values fro)

begi input handler str ng Filvar
val(filvar [2*1+9 ],test,code);
if code 0 then Real Part[]]:=test

(val conversioTr successful if code)
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val(filvar[2*+10],test,code);
{=0, erroC otherwise}

if code = 0 then Imaginary_PartJJ:=test;

end;
end; (procedure Inputfactored)

(Begin prociessing Coefficient form Input-Internal
procedure

Procedure InputCoeff(Zeros or Poles:Str5;
NCoeff:iTteger
var Coeff: ary 4 );

var
j .(counters)

N6oeffold : integer; (holds old poly order if
changing order)

test: real; (holds "val" results until validated}

*begin

P[21] := '0406N01021-000101';
Input-Handler descriptors for Qoeff}

P22 := 10601022-000101:; {form input}
P 23- := 3206N01023-000101';
P 24 := '4606N01024-000101';
P25 := 0408N01025-000101';
P.26- := 1808N01026-000101';
P.27- := 3208N01027-000101';
P-28- := 4608N01028-000101';
P 29 := '0410N01029-000101';
P30 := 1810N01030-000101';

NCoeff old:= NCoeff;

ClrScr- Tex Color(White); (print screen titles)
gotoxy(1 24)
invvidzo('Press <ESC> to change an entry');"- gotoxv(1.1;
writeyn( ** D sired characteristic

Polyngmial input ***'
TextColor(Green);
if Zeros orPoles = 'POLES' then

writeln('NUMERATOR Transfer Functioi

else Input -- COEFFICIENT Form')

begin
write('COEFFICIENT Form --- ');
TextColor(lightmagenta);
if not luen then
writeln ('Hihest degree coefficient

MUST be 1.O;

end;
HighVideo;

if NCoeff > NCoeff old thenbefinbor :=1 to NCoeff old - NCoeff do

for i:=NCoeff ld + 1 dow t 1 do
Filvarli+13 := Filvar[ ;

end;

if NCoeff < NCoeff old then
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begin o l ~efd
for 1 lto NCoffol - oefdror~ i:1oNC~eff old + 1 do

end; Filvar i1: Filvar~i+lJ;

VertPos:=4;
for i:=NCoeff+1 downto 1 do

begin
S: =NCoeff-i-
osCounter :=(mod 4) + 1;

HorizPos := Posounter *1A4
If PosCounter = 1 then Vertf'os :=VertPos + 2;
if i<> 1 then(prompts for coeff input)

neg
(s 's +',HorizPosVertPos);

str (i- 1:2Exponent ;
msg( Ex ent,Horiz os+1 ,VertPos-1 );

end; ed

str((20+Ncoeff+l):2,strg); (sets upa and ec~llsinput hndler
specification := concat('N21 ',strg);
Input_handler(specification,escape);

for i=NCoeff+1 downto 1 do

end; ed
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procedure characteristic-equation(var A3:aryls;
var N:integqr;
var C2:ary4);

(This procedures computes the characteristic equation
pol vnornials coefficients by using the principle-minor
methodT

label 10;label 20;label 30*label 4filabel 50label 6h1abe1 15; label 76 ;label 8 ;label 9;
label 10 ;label 1;label 2;label 5;

var
B3 ,A1 : aryl s;
'integer vector : ary6;
D10 array [1..280] of real;
rm ii11l1m i,kk nr nc k1 lii
counter mim,even,nn k,ji,ni~mi :integer;
temp vaiue,det,det correction,
determinant-old,determinant,value-c2,value :real;

begin
nn:=n+l1
for i:=i to nn do
beiy , =.0

C2%Lnn:=1 .0;
for m:=1 to n do
be~i :1

integer vector[lJ:=1;
lgiot 2; vector[l]:=inteter vector[l]+1;
12:int)eger n to0;
if fl-n) = 0 then go fo 5;
mm:=m-1;e
for i:= 1 to mm do
begin

integer vector[ii] :=integer vector[i]+1;
end,
5or i:=1 to m do

okk:=1 to m do
begin

nr:= integer vector
nc-int eger-yector~lk1;
B3 i,kkj .=A3 Lnr,ncJ

end;
end
k:%k+1;

counter :=0;
for ili:=1 to M do
beg in

for j1:=l to M do
B3Lili,j1];

end;
end;
for ili:= 1 to M do
Beg n

30:if Ai~kl,ili] <> 0.0 then goto 10;
ki :=klI-
if (kl-M <= 0 then goto 30;
goto 40;
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10 :fi1i-k1)> thentgoto 40;
if ili-kl)t= 0 then goto 70;
Belin

ep value*=A1 *li,mlm]
Al ci ,mLj=Tkl ,mlmJ;
Al Lid,mlmJ :=temp_value;

End;,

counter:= counter+1;
70:ii:=ili+l1
if ii > M then goto 20;
for mlm:=ii to M do
Begi[

for nl:= iii to M do
V1?mm~n]:=Al[mlm,nl] -Al~ili,nl] *value;

.En
0:End ;20 :End;

de t:= .0;
for ili:=l to M do
bet: =det * Al [il i, il iJ

end;
det correction:= exp( counter *ln( O)
det-grminait old:=det correction *dt

even:= counter mod 2'I
if even <> 0 then goto 60-
determinant := determinan{_old; *

goto 50;
60:determinant:=-determinant-old;
goto 50;
40 :determinant: =0.0;

50:D l0[k] : =determinant;
for i= to m do
beMi il

if 'integervector~l]-(n-m+l)) > 0 then goto 90;

if (integer-vector[lJ-(n-m+l)) <0 then goto 1;
end; r
ml :=n-m+l;
value modex ;m *ln(1.0));

for i:=1 to kdo-
begin

if even = 0 then
begin

value c2:=value-c2;
goto 15;

end;
if even <> 0 then
begin

en-value-c2:=-l.0 *value-c2;

end* 1*:= value c2;
value-c2:=exp( ml* ln(1.0)j);

end;

end;goto1
90:writelN('rror in characteristic equation');

100: end;
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(This procedure uses modified BARSTOW rethod to
calculate the roots of the polynomial

PROCEDURE root firider(var n:integer;
var A:ary4;
var u,v:ary3s;
var ir:integer);

(label decleration for the GOTO statement)

label 3l ab 1 4;label 7;label 9;label 10;label 13;
label 1 ' label 9;label 20; label 23-label 30;
label 32;label 33;label 34;label 36'iabel 49-
label 50;label 52;label 53; label 76 ilabel 7 ;label 73;
label 75;label 76;label 81;label 82;iabel 100;

var
irev,i,nc,m,nl,np,j,il :integer;

p,q,r,f,e,cbar,d,qp,pp:real;I

H,B,C: array [1-.21] of real;

Bie:= 0tk given values)

foro 3; t

r 0 thn0to10
3:i*Hr] < 0then goto 7;

0 thngo19

4:~ n-0then goto 19;;

fr i:1 to d

0 0 F;
1if <> '0 0 then goto 3;
p:=0. H
q:=H1H 3q

5ifr00then goto 19;

fr= i:=tomrd
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1 :=5.e- 0;
C~nc:=Hnc4
B c+ll=
C c+lj:=0.0;

np:=nc-1;
20:for j:= 1 to 1000 do
begin

for il:= 1 to np do
begin

end- ~
if' abs(B[1]/H[l])-e) <= 0.0 then goto 50;
if' C2 <50.0 then goto 23;
r: =r+1.0;
§Oto 30;
23:r: =r- B[l I/C[2];

V 30:f'or il:= 1 to np do
begin

B i p *B i+1] q * B [i+2];
en-C iJ:BL1J p *CL i+1 q * CL 1+2

if' i2] Bf H1 -I<0.0 the ot 3tt32
i2:f (ab B 2 1 -e > 0.0 then ot 34
3if' (abs e= 0.0 then goto 76;

3if' ab 0 .0 then goto 36;

lot 49;he 
ot 6

d:=C3 q C 3- 2 cbar +*

49:end;
e:=e * 10;
§oo20;

iirev >=6 then goto 52;

U[ncj:=1 .0/r;
2:Unc =r;

53:40 1: .ton do
HJ i+1

joo4;O0:nc: =nc-2-
if' irev >= 6 then goto 72;

'Nqp:=1. /q-;pp:=p q 2.0);

pp: =k/2.

73: f':=pp *Pp qp;
if' >= 0.0 then goto 75;
U nct]:= pp;

v ncjl:=sqrt ( f);

.7 iotof76;
5:i1 pp y 0.0 then goto 81;
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Urnc+ll:= -sqrt(f);

l~unc-i J:=- (pp/abs(pp)) *(abs(pp) + sqrt(f));

V nc+ =.J
7 frl:=t d
7: doBi

goto 4I. 100 :end;
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